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PRELIMINARY AMENDMENT 



BOX PATENT APPLICATION 

Assistant Commissioner for Patents 
Washington D.C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified patent application 

as follows: 

IN THE SPECIFICATION : 

Please insert and amend section headings and specification paragraphs as 
follows. (Pursuant to 37 CFR 1.121, a marked-up version of the amended 



specification section headings and specification paragraphs is attached.) 



On page 2, before the first complete paragraph, please amend the section 
heading "BACKGROUND ART" to read as follows. 

BACKGROUND OF THE INVENTION 

On page 13, delete the first complete paragraph and insert the following 
replacement paragraph: 

It is still a further object of the present invention to provide an exterior part of 
timepiece with an excellent appearance, constituted by a metal which has a smooth or 
specular surface free of "orange peel" even if the metal is subjected to surface hardening 
at a temperature which is close to the recrystallization temperature of the metal or below; 
and to provide a process for producing such an exterior part of a timepiece. 

On page 13, amend the section heading "DISCLOSURE OF THE 
INVENTION" to read as follows: 

SUMMARY OF THE INVENTION 

On page 24, amend the section heading "BRIEF DESCRIPTION OF THE 
DRAWING" to read as follows: 

BRIEF DESCRIPTION OF THE DRAWINGS 

On page 26, amend the section heading "BEST MODE FOR CARRYING 
OUT THE INVENTION" to read as follows: 

DETAILED DESCRIPTION OF THE INVENTION 

On page 67, please delete the section heading " EFFECT OF THE 
INVENTION ". 

On page 115, delete the second complete paragraph and insert the following 
replacement paragraph: 

In this Example C4, not only planing of the upper surface of band pieces into 
a specular surface but also converting of metal crystal grains lying in the vicinity of band 
piece surface to the fibrous structure can be accomplished by grinding means with a 
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reduced grinding power, thereby enabling reducing the number of production process steps. 
Therefore, the employment of this grinding enables the lowering of production cost. 

On page 118, delete the third complete paragraph and insert the following 
replacement paragraph: 

In this Example C5, not only planing of the upper surface of band pieces into 
a specular surface but also converting of metal crystal grains lying in the vicinity of band 
piece surface to the fibrous structure can be accomplished by grinding means with a 
reduced grinding power, thereby enabling reducing the number of production process steps. 
Therefore, the employment of this grinding enables the lowering of production cost. 

On page 119, delete the first complete paragraph and insert the following 
replacement paragraph: 

Each of the inner and outer boundary dimensions of the thus forged ring 
members were adjusted to the desired one by a cutting operation. 

IN THE CLAIMS : 

Please cancel the previous versions of claims 4, 5, 6, 7, 10, 11, 12, 13, 
15, 18, 23, 26, 27, 31, 34, 37, 41, 42, 43, 44, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 and 
57 and insert the amended versions of claims 4, 5, 6, 7, 10, 11, 12, 13, 15, 18, 23, 26, 
27, 31, 34, 37, 41, 42, 43, 44, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 and 57 as follows: 
(Pursuant to 37 CFR 1.121, marked-up versions of these claims are attached.) 

4. (Amended) The decorative item as claimed in claim 1, wherein the hard 
coating and the basis material at its surface exhibit respective tones which are different 
from each other. 



3 



5. (Amended) The decorative item as claimed in claim I, wherein the hard 
coating has a surface hardness greater than that of the basis material. 

6. (Amended) The decorative item as claimed in claim 1, wherein the hard 
coating is constituted of a nitride, carbide, oxide, nitrido-carbide or nitrido-carbido-oxide 
of an element belonging to Group 4a, 5a or 6a of the periodic table. 

7. (Amended) The decorative item as claimed in claim 1, wherein the hard 
coating is a hard coating of carbon. 

10. (Amended) The decorative item as claimed in claim 1, wherein at least 
two hard coatings are formed on the hardened layer surface of the basis material. 

11. (Amended) The decorative item as claimed in claim 1, wherein at least 
two hard coatings are laminated on the hardened layer surface of the basis material. 

12. (Amended) The decorative item as claimed in claim 1, wherein the hard 
coating is disposed on portion of the hardened layer surface of the basis material. 

13. (Amended) The decorative item as claimed in claim 1, further comprising 
a gold alloy coating disposed on a surface of the hard coating. 

15. (Amended) The decorative item as claimed in claim 1, which is an 
exterior part of timepiece. 

18. (Amended) The process as claimed in claim 16, wherein the decorative 
item is an exterior part of timepiece. 
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23. (Amended) The exterior part of timepiece as claimed in claim 21, which 
is one produced by machining a surface of an exterior part of timepiece and thereafter 
carburizing the machined surface. 

26. (Amended) The wristwatch band as claimed in claim 24, wherein the 
band pieces are connected to each other by means of connecting parts of stainless steel, 

each of the connecting parts having at at least portion of its surface a carburized 
layer wherein carbon is diffused so as to form a solid solution. 

27. (Amended) The wristwatch band as claimed in claim 24, produced by 
connecting the band pieces to each other by means of connecting parts, carburizing the 
band pieces and the connecting parts, and thereafter polishing surfaces of the band pieces. 

31. (Amended) The process as claimed in claim 29, which further comprises 
machining surfaces of the band pieces connected by means of the connecting parts prior 
to the fluorination to obtain a wristwatch band having machined surfaces. 

34. (Amended) The process as claimed in claim 32, which further comprises 
machining surfaces of the plurality of band pieces prior to the fluorination to obtain a 
wristwatch band having machined surfaces. 

37. (Amended) The process as claimed in claim 35, which further comprises 
macriining surfaces of the base material prior to the fluorination to obtain an exterior part 
of timepiece other than wristwatch band having machined surfaces. 

41. (Amended) The exterior part of timepiece as claimed in claim 38, wherein 
the deformed layer extends from the metal surface to a depth of 2 to 100 um. 
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42. (Amended) The exterior part of timepiece as claimed in claim 38, wherein 
the hardened layer extends from a surface of the deformed layer to a depth of 5 to 50 urn. 

43. (Amended) The exterior part of timepiece as claimed in claim 38, wherein 
the solute atom is at least one atom selected from the group consisting of carbon, nitrogen 
and oxygen atoms. 

44. (Amended) The exterior part of timepiece as claimed in claim 38, wherein 
the hardened layer has a specular surface whose Vickers hardness (HV) is 500 or greater. 

47. (Amended) The process as claimed in claim 45, wherein the deformed 
layer is formed by subjecting the stainless steel surface to at least one of polishing and 
cutting operations whereby a physical external force capable of drawing the stainless steel 
surface substantially unidirectionally is applied to the stainless steel surface. 

48. (Amended) The process as claimed in claim 45, wherein the deformed 
layer is formed by subjecting the stainless steel surface to at least one of cutting and 
grinding operations to form a face of desired shape, and 

polishing the face of desired shape to form the deformed layer. 

49. (Amended) The process as claimed in claim 45, wherein the stainless steel 
surface is subjected to grinding operation to form not only a face of desired shape but also 
the deformed layer. 

50. (Amended) The process as claimed in claim 48, wherein the face of 
desired shape is substantially flat. 



51. (Amended) The process as claimed in claim 48, wherein the face of 
desired shape is curved. 

52. (Amended) The process as claimed in claim 45, wherein the deformed 
layer is so formed as to extend from the stainless steel surface to a depth of 2 to 100 pm. 

53. (Amended) The process as claimed in claim 45, wherein the hardened 
layer is so formed as to extend from a surface of the deformed layer to a depth of 5 to 50 
pm. 

54. (Amended) The process as claimed in claim 45, wherein the solute atom 
is at least one atom selected from the group consisting of carbon, nitrogen and oxygen 
atoms. 

55. (Amended) The process as claimed in claim 45, wherein the hardened 
layer has a specular surface whose Vickers hardness (HV) is 500 or greater. 

56. (Amended) The process as claimed in claim 45, wherein the deformed 
layer is formed in a surface of stainless steel of a base material for timepiece exterior part 
produced by forging capable of realizing a high degree of deformation. 

57. (Amended) The process as claimed in claim 45, wherein the hardening 
is carried out at a temperature which is close to recrystallization temperature of the 
stainless steel or below. 

Please add new claims 58-69 as follows: 
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58. The decorative item as claimed in claim 2, wherein the hard coating and 
the basis material at its surface exhibit respective tones which are different from each 
other. 

59. The decorative item as claimed in claim 3, wherein the hard coating and 
the basis material at its surface exhibit respective tones which are different from each 
other. 

60. The process as claimed in claim 17, wherein the decorative item is an 
exterior part of timepiece. 

61. The exterior part of timepiece as claimed in claim 22, which is one 
produced by machining a surface of an exterior part of timepiece and thereafter carburizing 
the machined surface. 

62. The wristwatch band as claimed in claim 25, wherein the band pieces 
are connected to each other by means of connecting parts of stainless steel, 

each of the connecting parts having at at least portion of its surface a carburized 
layer wherein carbon is diffused so as to form a solid solution. 

63. The wristwatch band as claimed in claim 25, produced by connecting the 
band pieces to each other by means of connecting parts, carburizing the band pieces and 
the connecting parts, and thereafter polishing surfaces of the band pieces. 
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64. The process as claimed in claim 30, which further comprises machining 
surfaces of the band pieces connected by means of the connecting parts prior to the 
fluorination to obtain a wristwatch band having machined surfaces. 

65. The process as claimed in claim 33, which further comprises machining 
surfaces of the plurality of band pieces prior to the fluorination to obtain a wristwatch band 
having machined surfaces. 

66. The process as claimed in claim 36, which further comprises machining 
surfaces of the base material prior to the fluorination to obtain an exterior part of timepiece 
other than wristwatch band having machined surfaces. 

67. The process as claimed in claim 46, wherein the deformed layer is 
formed by subjecting the stainless steel surface to at least one of polishing and cutting 
operations whereby a physical external force capable of drawing the stainless steel surface 
substantially unidirectionally is applied to the stainless steel surface. 

68. The process as claimed in claim 46, wherein the deformed layer is 
formed by subjecting the stainless steel surface to at least one of cutting and grinding 
operations to form a face of desired shape, and 

polishing the face of desired shape to form the deformed layer. 
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69. The process as claimed in claim 47, wherein the deformed layer is 
formed by subjecting the stainless steel surface to at least one of cutting and grinding 
operations to form a face of desired shape, and 

polishing the face of desired shape to form the deformed layer. 
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REMARKS 

Amendments have been made to the specification in order to place the 
application in conformance with standard United States Patent practice. 

The claims have been amended to eliminate the multiple dependencies. Claims 
58-69 have been added to more fully define the invention. 

Examination and allowance of pending claims 1-69 are respectfully requested. 

Respectfully submitted, 

WEBB ZIESENHEIM LOGSDON 
ORKIN & HANSON, P.C. 



By t _ _ _ 

Kent E. Baldauf, Regr^oT25,82i 
Attorney for Applicants 
700 Koppers Building 
436 Seventh Avenue 
Pittsburgh, PA 15219-1818 
Telephone: 412/471-8815 
Facsimile: 412/471-4094 
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MARKED-UP AMENDED SPECIFICATION HEADINGS AND PARAGRAPHS 
Page 2, first section heading 

[BACKGROUND ART] BACKGROUND OF THE INVENTION 

Page 13, first complete paraeraph 

It is still a further [objects] object of the present invention to provide an exterior 
part of timepiece with an excellent appearance, constituted by a metal which has a smooth 
or specular surface free of "orange peel" even if the metal is subjected to surface hardening 
at a temperature which is close to the recrystallization temperature of the metal or below; 
and to provide a process for producing such an exterior part of a timepiece. 
Page 13, section heading 

[DISCLOSURE OF THE INVENTION] SUMMARY OF THE INVENTION 

Page 24, section heading 

[BRIEF DESCRIPTION OF THE DRAWING] 

BRIEF DESCRIPTION OF THE DRAWINGS 

Page 26, section heading 

[BEST MODE FOR CARRYING OUT THE INVENTION] 
DETAILED DESCRIPTION OF THE INVENTION 
Page 115, second complete paragraph 

In this Example C4, not only planing of the upper surface of band pieces into a 
specular surface but also converting of metal crystal grains lying in the vicinity of band 
piece surface to the fibrous structure can be accomplished by grinding means with a 
reduced grinding power, thereby enabling reducing the number of production process steps. 
Therefore, the employment of this grinding [means] enables the lowering of production 
cost. 



Page 118, third complete paragraph 

In this Example C5, not only planing of the upper surface of band pieces into a 
specular surface but also converting of metal crystal grains lying in the vicinity of band 
piece surface to the fibrous structure can be accomplished by grinding means with a 
reduced grinding power, thereby enabling reducing the number of production process steps. 
Therefore, the employment of this grinding [means] enables the lowering of production 
cost. 

Page 119, first complete paragraph 

Each of the inner and outer boundary dimensions of the thus forged ring members 
were adjusted to the desired one by a cutting operation. 



MARKED-UP AMENDED CLAIMS 

4. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
3], wherein the hard coating and the basis material at its surface exhibit respective tones 
which are different from each other. 

5. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
4], wherein the hard coating has a surface hardness greater than that of the basis material. 

6. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
5], wherein the hard coating is constituted of a nitride, carbide, oxide, nitrido-carbide or 
nitrido-carbido-oxide of an element belonging to Group 4a, 5a or 6a of the periodic table. 

7. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
5], wherein the hard coating is a hard coating of carbon. 

10. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
7], wherein at least two hard coatings are formed on the hardened layer surface of the basis 
material. 

1 1 . (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
7], wherein at least two hard coatings are laminated on the hardened layer surface of the 
basis material. 



12. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
10], wherein the hard coating is disposed on portion of the hardened layer surface of the 
basis material. 

13. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
12], further comprising a gold alloy coating disposed on a surface of the hard coating. 

15. (Amended) The decorative item as claimed in [any of claims] claim 1 [to 
14], which is an exterior part of timepiece. 

18. (Amended) The process as claimed in claim 16 [or 17], wherein the 
decorative item is an exterior part of timepiece. 

23. (Amended) The exterior part of timepiece as claimed in claim 21 [or 22], 
which is one produced by machining a surface of an exterior part of timepiece and 
thereafter carburizing the machined surface. 

26. (Amended) The wristwatch band as claimed in claim 24 [or 25], wherein 
the band pieces are connected to each other by means of connecting parts of stainless steel, 

each of the connecting parts having at at least portion of its surface a carburized 
layer wherein carbon is diffused so as to form a solid solution. 



27. (Amended) The wristwatch band as claimed in claim 24 [or 25], produced 
by connecting the band pieces to each other by means of connecting parts, carburizing the 
band pieces and the connecting parts, and thereafter polishing surfaces of the band pieces. 

31. (Amended) The process as claimed in claim 29 [or 30], which further 
comprises machining surfaces of the band pieces connected by means of the connecting 
parts prior to the fluorination to obtain a wristwatch band having machined surfaces. 

34. (Amended) The process as claimed in claim 32 [or 33], which further 
comprises machining surfaces of the plurality of band pieces prior to the fluorination to 
obtain a wristwatch band having machined surfaces. 

37. (Amended) The process as claimed in claim 35 [or 36], which further 
comprises machining surfaces of the base material prior to the fluorination to obtain an 
exterior part of timepiece other than wristwatch band having machined surfaces. 

41. (Amended) The exterior part of timepiece as claimed in [any of claims] 
claim 38 [to 40], wherein the deformed layer extends from the metal surface to a depth of 
2 to 100 |im. 

42. (Amended) The exterior part of timepiece as claimed in [any of claims] 
claim 38 [to 41], wherein the hardened layer extends from a surface of the deformed layer 
to a depth of 5 to 50 \xm. 



43. (Amended) The exterior part of timepiece as claimed in [any of claims] 
claim 38 [to 42], wherein the solute atom is at least one atom selected from the group 
consisting of carbon, nitrogen and oxygen atoms. 

44. (Amended) The exterior part of timepiece as claimed in [any of claims] 
claim 38 [to 43], wherein the hardened layer has a specular surface whose Vickers hardness 
(HV) is 500 or greater. 

47. (Amended) The process as claimed in claim 45 [or 46], wherein the 
deformed layer is formed by subjecting the stainless steel surface to at least one of 
polishing and cutting operations whereby a physical external -force capable of drawing the 
stainless steel surface substantially unidirectionally is applied to the stainless steel surface. 

48. (Amended) The process as claimed in [any of claims] claim 45 [to 47], 
wherein the deformed layer is formed by subjecting the stainless steel surface to at least 
one of cutting and grinding operations to form a face of desired shape, and 

polishing the face of desired shape to form the deformed layer. 

49. (Amended) The process as claimed in [any of claims] claim 45 [to 47], 
wherein the stainless steel surface is subjected to grinding operation to form not only a face 
of desired shape but also the deformed layer. 

50. (Amended) The process as claimed in claim 48 [or 49], wherein the face 
of desired shape is substantially flat. 



51. (Amended) The process as claimed in claim 48 [or 49], wherein the face 
of desired shape is curved. 

52. (Amended) The process as claimed in [any of claims] claim 45 [to 51], 
wherein the deformed layer is so formed as to extend from the stainless steel surface to a 
depth of 2 to 100 \xm. 

53. (Amended) The process as claimed in [any of claims] claim 45 [to 52], 
wherein the hardened layer is so formed as to extend from a surface of the deformed layer 
to a depth of 5 to 50 |j,m. 

54. (Amended) The process as claimed in [any of claims] claim 45 [to 53], 
wherein the solute atom is at least one atom selected from the group consisting of carbon, 
nitrogen and oxygen atoms. 

55. (Amended) The process as claimed in [any of claims] claim 45 [to 54], 
wherein the hardened layer has a specular surface whose Vickers hardness (HV) is 500 or 
greater. 

56. (Amended) The process as claimed in [any of claims] claim 45 [to 55], 
wherein the deformed layer is formed in a surface of stainless steel of a base material for 
timepiece exterior part produced by forging capable of realizing a high degree of 
deformation. 



57. (Amended) The process as claimed in [any of claims] claim 45 [to 56], 
wherein the hardening is carried out at a temperature which is close to recrystallization 
temperature of the stainless steel or below. 
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DESCRIPTION 

DECORATIVE ITEM AND PROCESS FOR PRODUCING THE SAME 

5 TECHNICAL FIELD 

The present invention relates to a decorative item 
(including parts) and a process for producing the same. 
More particularly, the present invention primarily 
relates to a decorative item, such as an exterior part 

10 of timepiece, in which use is made of a basis material 
having a hardened layer, for example, a carburized 
(cemented) layer extending from a surface thereof to an 
arbitrary depth wherein a solute atom is diffused so as 
to form a solid solution, and relates to a process for 

15 producing the decorative item. Further, the present 
invention is concerned with an exterior part of 
timepiece constituted by a carburized stainless steel, 
especially an exterior part of timepiece, such as a 
wristwatch band, bezel, casing, back lid or dial, 

20 constituted by a gas carburized austenitic stainless 
steel, and is concerned with a process for producing 
the same. Still further, the present invention is 
concerned with an exterior part of timepiece having a 
smooth or specular surface free of what is known as 

25 "orange peel" and with a process for producing the same. 



BACKGROUND ART 
In a decorative item, for example, an exterior 
part (member) of timepiece, such as a wristwatch band, 
5 bezel, casing, back lid, buckle or dial, use is made of 
stainless steel, titanium or a titanium alloy. In 
particular, austenitic stainless steel which is 
excellent in corrosion resistance and ornamental 
capacity is widely employed as the stainless steel. 
10 For example, a plate of austenitic stainless steel 

SUS 316 or SUS 304 is subjected to cold forging. The 
forged plate is arbitrarily cut or drilled (punched) 
and finished into the shape of wristwatch band piece. 
The thus obtained band pieces are connected to each 
15 other to obtain a completed wristwatch band. 

However, the austenitic stainless steel has a 
drawback in that its specular surface is easily 
scratched to cause the appearance of the wristwatch 
band, bezel, casing, back lid, dial or other exterior 
20 part of timepiece constituted by the austenitic 
stainless steel per se to easily deteriorate. 

The technology of carburizing the surface of 
stainless steel such as austenitic stainless steel to 
harden the stainless steel surface is now being studied 
25 in order to resolve the above drawback. However, the 
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carburized stainless steel surface suffers from 
generation of a strain in the crystal lattice of 
stainless steel because of the penetration of carbon 
atoms to become a rough surface. Thus, also, the 

5 technology of further polishing the carburized 

stainless steel surface into a specular surface is 
being investigated. 

For example, in Japanese Patent Laid-open 
Publication No. 54 ( 197 9 ) -8 644 1 , it is described that a 

10 specular surface can be easily obtained by subjecting 
fine precision parts, such as a gear, a spring and a 
shaft, constituted by a low carbon steel, a low alloy 
case hardening steel or the like, although there is no 
description of austenitic stainless steel, to pack 

15 carburizing (solid carburizing) at 900°C and thereafter 
subjecting the surface of such parts to barrel 
polishing . 

However, when a metal having a high content of 
chromium, such as austenitic stainless steel, is 

20 carburized at high temperatures such as 700°C or above, 
chromium carbide is precipitated in a surface portion 
of stainless steel. As a result, the chromium content 
of stainless steel per se is reduced to cause the 
corrosion resistance of the stainless steel to 

25 extremely deteriorate. Further, the chromium carbide 
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becomes bulky, thereby posing such a problem that the 
carburized region of stainless steel cannot have high 
hardness . 

The method of carburizing austenitic stainless 
•5 steel at low temperatures such as less than 700°C for 
the purpose of avoiding the above precipitation of 
chromium carbide can be contemplated. However, when 
the carburization is conducted at such low temperatures, 
a passive film which hinders the penetration of carbon 
10 atoms is formed on the surface of stainless steel to 
thereby disenable hardening of the stainless steel 
surface . 

In recent years, the technology of hardening a 
surface of austenitic stainless steel while maintaining 

15 the excellent corrosion resistance of the austenitic 

stainless steel is being investigated. For example, in 
the technology disclosed in Japanese Patent Laid-open 
Publication Nos. 9 ( 1997 ) -71854 , 9 ( 1997 ) -268364 and 
9 (1997) -302456, austenitic stainless steel is 

20 fluorinated in a fluorogas atmosphere at low 

temperatures such as 300 to 500°C to convert the above 
passive film to a fluorinated film through which carbon 
atoms can be easily penetrated. The fluorinated 
austenitic stainless steel is sequentially subjected to 

25 gas carburizing in a carburizing gas atmosphere at low 



5 



temperatures such as 400 to 500°C and to pickling or 
mechanical polishing (for example, soft blasting, 
barrel polishing or buffing) . 

In the thus obtained decorative item, for example, 

5 wristwatch band, a hardened layer, i.e., carburized 

layer extending from a surface of austenitic stainless 
steel as a basis material to a depth of 5 to 50 p.m is 
formed while maintaining the corrosion resistance 
thereof. Therefore, not only does the basis material 

10 exhibit a beautiful specular surface but also the 

specular surface has a Vickers hardness (HV) as high as 
500 to 700, which cannot be attained by stainless steel 
provided with no surface hardening treatment. 

The decorative item (including personal ornament) 

15 constituted by the austenitic stainless steel having 
its surface hardened is resistant to scratching, so 
that there is an advantage such that the beauty thereof 
can be maintained for a prolonged period of time. 

However, even the decorative item whose basis 

20 material is constituted by the above stainless steel 
having its surface hardened sometimes suffers from 
scratching when a sharp intense external force is 
applied thereto. 

Therefore, there is a demand for the development 

25 of a decorative item whose basis material is 
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constituted by stainless steel having a higher surface 
hardness, i.e., greater scratch resistance than that of 
the conventional decorative item, and also for the 
development of a process for producing such a 
5 decorative item. 

On the other hand, with respect to the decorative 
item such as an exterior part of wristwatch or a 
bracelet, it, as a personal ornament, must have the 
same ornamental value as those of other decorative 

10 items. Accordingly, the personal ornament at its 

surface is often furnished with an ornamental coating. 
For example, a gold alloy coating formed by wet plating 
is widely employed as such an ornamental coating. 

However, the gold alloy coating is soft and easily 

15 scratched. Accordingly, even if the hardened basis 

material surface of personal ornament is covered with 
the soft gold alloy coating, the gold alloy coating 
would be scratched to spoil the beauty as decorative 
item. This personal ornament has a drawback in that 

20 the above advantage of hardening of basis material 
surface cannot be utilized. 

Therefore, there is a demand for the development 
of a decorative item whose surface hardness as measured 
from the surface of gold alloy coating is large even if 

25 the gold alloy coating per se is soft, that is, a 
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decorative item which is excellent in scratch 
resistance, and for the development of a process for 
producing the same. 

In the technology described in Japanese Patent 

5 Laid-open Publication Nos. 9 (1997 ) -71854, 9(1997)- 

268364 and 9 ( 1997 ) -302456, austenitic stainless steel 
is carburized at low temperature, so that precipitation 
and bulking of chromium carbide in stainless steel 
would not occur. However, a layer wherein, mainly, Fe 

10 and C in stainless steel are simultaneously present, 
possibly "mill scale (roll scale, black scale) " 
containing an iron oxide such as Fe 2 C>3, is formed on an 

outermost surface of carburized layer. In the 
technology described in the above literature, the mill 

15 scale is removed by pickling or mechanical polishing. 

However, with respect to the exterior part of 
timepiece constituted by stainless steel which has been 
gas carburized at low temperature as mentioned above, 
completely removing the mill scale formed on the 

20 surface thereof so as to render the exterior part 
surface specular cannot be accomplished only by 
performing mechanical polishing such as barrel 
polishing or buffing. The reason is that most 
timepiece exterior parts have complex configuration 

25 because of the attainment of ornamental beauty with the 



result that there are places which cannot be polished, 
such as inside wall of holes and inside wall and bottom 
of recessed portions. Further, with respect to 
timepiece exterior parts comprising a plurality of 

5 parts connected to each other, it is difficult to 

polish part interfaces. For example, with respect to a 
wristwatch band comprising a multiplicity of band 
pieces connected to each other by means of connecting 
parts, the smaller the interstice of mutually 

10 neighboring band pieces, the more difficult the 
polishing thereof. 

Moreover, the surface of timepiece exterior parts 
cannot also be rendered specular only by pickling. In 
the pickling described in the above literature, iron 

15 contained in the mill scale is leached with a strong 

acid solution to remove the mill scale from the surface 
of timepiece exterior parts. However, iron is also 
contained in stainless steel per se, so that the 
surface of carburized layer is corroded by the strong 

20 acid solution. As a result, the surface of carburized 
layer after pickling is roughened and cannot be 
specular . 

Furthermore, finishing to be effected on the 
surface of timepiece exterior parts constituted by 
25 stainless steel is not limited to specular finishing. 
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For realizing an ornamental beauty, various mechanical 
finishings are required. For example, hairline 
finishing wherein a multiplicity of mutually parallel 
nicks are engraved or honing wherein a multiplicity of 
5 fine recesses are engraved is required. 

However, the carburized stainless steel has a 
drawback in that its surface is so hard that it is 
difficult to effect the above mechanical finishing 
thereon . 

10 Therefore, there is a demand for the development 

of an exterior part of timepiece constituted by 
stainless steel such as austenitic stainless steel 
which is excellent in scratch resistance and has a 
specular surface without detriment to the inherent 

15 excellent corrosion resistance of stainless steel; the 
development of an exterior part of timepiece 
constituted by stainless steel such as austenitic 
stainless steel which is excellent in scratch 
resistance and has its surface provided with mechanical 

20 finishing such as hairline finishing or honing without 
detriment to the inherent excellent corrosion 
resistance of stainless steel; and the development of a 
process for producing such timepiece exterior parts. 
The timepiece exterior parts, for example, band 

25 pieces gas carburized at low temperatures such as 400 
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to 500°C as mentioned above are not furnished with a 
beautiful specular surface required for exterior 
ornamentation of timepieces, and the surface thereof is 
observed as "orange peel" having fine unevennesses, 

5 despite the implementation of polishing. 

The reason is that, by the gas carburization, a 
greater amount of carbon is diffused within the metal 
crystal grains of stainless steel surface than in the 
metal crystal grain boundaries. That is, when carbon 

10 is penetrated in the metal crystal grains, the metal 

crystal grains become bulky and swell outward with the 
result that a thickness difference occurs between the 
crystal grains and the crystal grain boundaries. When 
viewed from the surface of stainless steel, the crystal 

15 grains are higher than the crystal grain boundaries. 

The above height difference between the crystal 
grains and the crystal grain boundaries cannot be 
eliminated despite the implementation of a sequence of 
treatments after the gas carburization, including 

20 pickling and mechanical polishing. As a result, the 
crystal grains are likely to be recognized as being 
lifted from the surface of stainless steel, and a 
multiplicity of lifted crystal grains are observed as 
fine unevennesses of stainless steel surface, i.e., 

25 "orange peel" . 
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This "orange peel" is a phenomenon which commonly 
occurs when not only stainless steel but also titanium, 
a titanium alloy and other metals for use in exterior 
ornamentation of timepieces are subjected to surface 

5 hardening, for example, carburizing at temperature 

which is close to the recrystallization temperature of 
the metal or below. In particular, the orange peel is 
a phenomenon which occurs when surface hardening is 
performed at below a temperature slightly over the 

10 recrystallization temperature of the metal. 

Further, this "orange peel" is not limited to 
carburization wherein carbon is used as a solute atom, 
and is a phenomenon which commonly occurs when surface 
hardening is performed with the use of nitrogen or 

15 oxygen as a solute atom at temperature which is close 
to the recrystallization temperature of the employed 
metal or below. 

Accordingly, there is a demand for the development 
of an exterior part of timepiece with an excellent 

20 appearance, constituted by a metal which has a smooth 
or specular surface free of "orange peel" even if the 
metal is subjected to surface hardening at temperature 
which is close to the recrystallization temperature of 
the metal or below; and for the development of a 
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process for producing such an exterior part of 
timepiece . 

It is an object of the present invention to solve 
the above problems of the prior art and to provide a 

5 decorative item comprising a basis material having a 
hardened layer, for example, a carburized layer 
extending from a surface thereof to an arbitrary depth, 
the basis material surface having a higher surface 
hardness, i.e., greater scratch resistance than that of 

10 the conventional decorative item, especially an 

exterior part of timepiece with such characteristic. 

It is another object of the present invention to 
provide a decorative item comprising the above basis 
material with hardened layer, the decorative item 

15 having a surface furnished with golden color or other 
various tones without any lowering of surface hardness, 
i.e., without detriment to the scratch resistance 
thereof, especially an exterior part of timepiece with 
such characteristic. 

20 It is an additional object of the present 

invention to provide processes for producing the above 
decorative items. 

It is further objects of the present invention to 
provide an exterior part of timepiece constituted by 

25 stainless steel such as austenitic stainless steel 
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which is excellent in scratch resistance and has a 
specular surface without detriment to the inherent 
excellent corrosion resistance of stainless steel; to 
provide an exterior part of timepiece constituted by 
5 stainless steel such as austenitic stainless steel 
which is excellent in scratch resistance and has its 
surface provided with mechanical finishing such as 
hairline finishing or honing without detriment to the 
inherent excellent corrosion resistance of stainless 

10 steel; and to provide a process for producing such 
timepiece exterior parts. 

It is still further objects of the present 
invention to provide an exterior part of timepiece with 
an excellent appearance, constituted by a metal which 

15 has a smooth or specular surface free of "orange peel" 
even if the metal is subjected to surface hardening at 
temperature which is close to the recrystallization 
temperature of the metal or below; and to provide a 
process for producing such an exterior part of 

20 timepiece. 



DISCLOSURE OF THE INVENTION 

The decorative item of the present invention 
comprises : 
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a basis material having a hardened layer extending 
from a surface thereof to an arbitrary depth wherein a 
solute atom is diffused so as to form a solid solution; 
and 

5 at least one hard coating disposed on a surface of 

the hardened layer of the basis material. 

The solute atom is generally at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms . 
10 The basis material is preferably constituted of 

stainless steel, titanium or a titanium alloy. 

The hard coating and the basis material at its 
surface may exhibit respective tones which are 
different from each other. 
15 The hard coating preferably has a surface hardness 

greater than that of the basis material. 

It is preferred that the hard coating be 
constituted of a nitride, carbide, oxide, nitrido- 
carbide or nit rido-carbido-oxide of an element 
20 belonging to Group 4a, 5a or 6a of the periodic table. 

The hard coating is preferably a hard coating of 
carbon , 

An intermediate layer may be disposed between the 
hard coating of carbon and a surface of the hardened 
25 layer of the basis material. 
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It is preferred that the intermediate layer 
comprise a lower layer of Ti or Cr disposed on the 
hardened layer surface of the basis material and an 
upper layer of Si or Ge disposed on a surface of the 
5 lower layer. 

In the decorative item of the present invention, 
at least two hard coatings may be formed on the 
hardened layer surface of the basis material, or at 
least two hard coatings may be laminated on the 
10 hardened layer surface of the basis material. 

Further, in the decorative item of the present 
invention, the hard coating may be disposed on portion 
of the hardened layer surface of the basis material. 

The decorative item of the present invention may 
15 further comprise a gold alloy coating disposed on a 
surface of the hard coating. 

It is preferred that the gold alloy coating be 
constituted of an alloy of gold and at least one metal 
selected from the group consisting of Al, Si, V, Cr, Ti, 
20 Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, 
Cd, In, Sn, Hf, Ta, W, Ir and Pt . 

The decorative item is, for example, an exterior 
part of timepiece. 
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The process for producing a decorative item 
according to the present invention comprises the steps 
of: 

providing a basis material of stainless steel 
5 having a hardened layer extending from a surface 

thereof to an arbitrary depth wherein a solute atom is 
diffused so as to form a solid solution; and 

forming at least one hard coating on a surface of 
the hardened layer of the basis material. 
10 This process enables obtaining the above 

decorative item of the present invention, for example, 
an exterior part of timepiece such as a wristwatch band. 

One form of exterior part of timepiece according 
to the present invention comprises a stainless steel 
15 having at its surface a carburized layer wherein carbon 
is diffused therein so as to form a solid solution 
(namely, exterior part of timepiece comprising a basis 
material of stainless steel provided at its surface 
with a carburized layer) , 
20 wherein the carburized layer has a polished 

surface whose Vickers hardness (HV) is 500 or more. 
Preferably, the polished surface is specular. 
Another form of exterior part of timepiece 
according to the present invention comprises a 
25 stainless steel having at its surface a carburized 
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Layer wherein carbon is diffused therein so as to form 
a solid solution, 

wherein the carburized layer has a machined 
surface . 

5 It is preferred that the machined surface have a 

Vickers hardness (HV) of 500 or more. This exterior 
part of timepiece can be produced by machining a 
surface of an exterior part of timepiece and thereafter 
carburizing the machined surface. 
10 One form of wristwatch band of the present 

invention comprises a plurality of band pieces of 
stainless steel connected to each other, 

each of the band pieces having at its surface a 
carburized layer wherein carbon is diffused so as to 
15 form a solid solution, 

wherein the carburized layer has a polished 
surface whose Vickers hardness (HV) is 500 or more. • 

Preferably, the polished surface is specular. 

Another form of wristwatch band of the present 
20 invention comprises a plurality of band pieces of 
stainless steel connected to each other, 

each of the band pieces having at its surface a 
carburized layer wherein carbon is diffused so as to 
form a solid solution, 



18 



wherein the carburized layer has a machined 
surface . 

In these wristwatch bands, the band pieces may be 
connected to each other by means of connecting parts of 
5 stainless steel, each of the connecting parts having at 
at least portion of its surface a carburized layer 
wherein carbon is diffused so as to form a solid 
solution . 

In the present invention, it is preferred that the 
10 wristwatch band be one produced by connecting the band 
pieces to each other by means of connecting parts, 
carburizing the band pieces and the connecting parts, 
and thereafter polishing surfaces of the band pieces. 

The wristwatch bands of the present invention may 
15 further comprise connecting parts having no carburized 
layer . 

One mode of process for producing a wristwatch 
band according to the present invention comprises the 
steps of: 

20 connecting a plurality of band pieces of stainless 

steel to each other by means of a plurality of 
connecting parts of stainless steel; 

fluorinating the band pieces and the connecting 
parts in a fluorogas atmosphere at 400 to 500°C; 
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gas carburizing the fluorinated band pieces and 
connecting parts in a carburizing gas atmosphere 
containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
5 parts, followed by rinsing; and 

subjecting surfaces of the band pieces to barrel 
polishing . 

A wristwatch band having machined surfaces can be 
obtained by machining surfaces of the band pieces 
10 connected by means of the connecting parts prior to the 
fluori nation . 

Another mode of process for producing a wristwatch 
band according to the present invention comprises the 
steps of: 

15 fluorinating a plurality of band pieces of 

stainless steel and a plurality of connecting parts of 
stainless steel in a fluorogas atmosphere at 250 to 
600°C; 

gas carburizing the fluorinated band pieces and 
20 connecting parts in a carburizing gas atmosphere 
containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
parts, followed by rinsing; 

subjecting surfaces of the band pieces to barrel 
25 polishing; and 
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connecting the band pieces by means of the 
connecting parts. 

A wristwatch band having machined surfaces can be 
obtained by machining surfaces of the plurality of band 
5 pieces prior to the f luor inat ion . 

The process for producing an exterior part of 
timepiece other than a wristwatch band according to the 
present invention comprises the steps of: 

connecting a plurality of pieces of stainless 
10 steel to each other by means of a plurality of 

connecting parts of stainless steel to obtain a base 
material for a timepiece exterior part of stainless 
steel other than a wristwatch band; 

fluorinating the base material in a fluorogas 
15 atmosphere at 250 to 600°C; 

gas carburizing the fluorinated base material in a 
carburizing gas atmosphere containing carbon monoxide 
at 400 to 500°C; 

pickling the carburized base material, followed by 
20 rinsing; and 

subjecting surfaces of the base material to barrel 
polishing . 

An exterior part of timepiece other than 
wristwatch band having machined surfaces can be 
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obtained by machining surfaces of the base material 
prior to the f luorinat ion . 

It is preferred that the wristwatch band of the 
present invention be one obtained by the above process 
5 for producing a wristwatch band according to the 
present invention. 

It is also preferred that the exterior part of 
timepiece other than wristwatch band according to the 
present invention be one obtained by the above process 
10 for producing an exterior part of timepiece other than 
wristwatch band according to the present invention. 

Austenitic stainless steel is preferably employed 
as the stainless steel for use in the present invention. 
A further form of exterior part -of timepiece 
15 according to the present invention comprises a metal, 
this metal having at its surface a deformed layer 
containing a fibrous structure wherein metal crystal 
grains are deformed so as to be fibrous, al least the 
deformed layer having a hardened layer wherein a solute 
20 atom is diffused so as to form a solid solution. 

The above deformed layer is generally formed by 
application of a physical external force to at least 
surface of the metal. In the present invention, it is 
preferred that the deformed layer be formed by 
25 application to the metal surface of a physical external 
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force capable of drawing the metal surface 

substantially unidirect ionally . 

'This deformed layer preferably extends from the 

metal surface to a depth of 2 to 100 |_im. 
5 The above hardened layer preferably extends from a 

surface of the deformed layer to a depth of 5 to 50 urn. 
The above solute atom may be at least one atom 

selected from the group consisting of carbon, nitrogen 

and oxygen atoms . 
10 The hardened layer preferably has a specular 

surface whose Vickers hardness (HV) is 500 or greater. 
The process for producing an exterior part of 

timepiece constituted of stainless steel according to 

the present invention comprises the steps of: 
15 applying a physical external force to a surface of 

stainless steel so as for at least the stainless steel 

surface to have a deformed layer containing a fibrous 

structure wherein metal crystal grains are deformed so 

as to be fibrous; and 
20 dissolving a solute atom in a surface of the 

deformed layer so as to form a solid solution therein, 

thereby effecting such a hardening that a hardened 

layer is formed. 

It is preferred that the above deformed layer be 
25 formed by application to the stainless steel surface of 
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a physical external force capable of drawing the 
stainless steel surface substantially unidirectionally . 

This deformed layer may be formed by subjecting 
the stainless steel surface to at least one of 
5 polishing and grinding operations whereby a physical 
external force capable of drawing the stainless steel 
surface substantially unidirectionally is applied to 
the stainless steel surface. 

In particular, the deformed layer may be formed by 
10 subjecting the stainless steel surface to at least one 
of cutting and grinding operations to form a face of 
desired shape, and 

polishing the face of desired shape to form the 
deformed layer. 
15 Alternatively, the stainless steel surface may be 

subjected to grinding operation to form not only a face 
of desired shape but also the deformed layer. 

The face of desired shape may be substantially 
flat, or may be curved. 
20 It is preferred that the deformed layer be so 

formed as to extend from the stainless steel surface to 
a depth of 2 to 10 0 um. 

The hardened layer is preferably so formed as to 
extend from a surface of the deformed layer to a depth 
25 of 5 to 50 jam. 



24 



The above solute atom may be at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms . 

Preferably, the hardened layer has a specular 
5 surface whose Vickers hardness (HV) is 500 or greater. 

The above deformed layer is generally formed in a 
surface of stainless steel of a base material for 
timepiece exterior part produced by forging capable of 
realizing a high degree of deformation. 
10 The above hardening is generally carried out at a 

temperature which is close to the recrystallization 
temperature of the stainless steel or below. The 
hardening can be performed at temperature over the 
recrystallization temperature of the stainless steel. 
15 However, under such temperature conditions, the orange 
peel would not occur to make it unnecessary to form the 
deformed layer. 

Austenitic stainless steel is preferably employed 
as the stainless steel for use in the present invention. 
20 The terminology "exterior part of timepiece" used 

herein means, for example, a wristwatch band, bezel, 
casing, back lid, buckle and dial. 

BRIEF DESCRIPTION OF THE DRAWING 
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Fig. 1 is a schematic view of the structure of 
band pieces produced in Example Al of the present 
invention. Fig. 2 is a schematic view of the structure 
of band pieces produced in Example A2 of the present 
5 invention. Fig. 3 is a schematic view of the structure 
of band pieces produced in Example A3 of the present 
invention. Fig. 4 is a schematic view of the structure 
of band pieces produced in Example A3 of the present 
invention. Fig. 5 is a schematic view showing a 

10 surface treatment for band pieces carried out in 
Example A4 of the present invention. Fig. 6 is a 
schematic view showing a further surface treatment for 
band pieces carried out in Example A4 of the present 
invention. Fig. 7 is a schematic view of the structure 

15 of band pieces produced in Example A5 of the present 

invention. Fig. 8 is a schematic view of the structure 
of band pieces produced in Example A5 of the present 
invention. Fig. 9 is a schematic view showing a 
surface treatment for band pieces carried out in 

20 Example A6 of the present invention. Fig. 10 is a 

schematic view of the structure of band pieces produced 
in Example A6 of the present invention. Fig. 11 is a 
schematic view showing a surface treatment for band 
pieces carried out in Example A7 of the present 

25 invention. Fig. 12 is a schematic view showing a 
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further surface treatment for band pieces carried out 
in Example A7 of the present invention. Fig. 13 is a 
schematic view of the structure of band pieces produced 
in Example A7 of the present invention. Fig. 14 is a 

5 schematic view showing a surface treatment for band 
pieces carried out in Example A8 of the present 
invention. Fig. 15 is a schematic view showing a 
further surface treatment for band pieces carried out 
in Example A8 of the present invention. Fig. 16 is a 

10 schematic view of the structure of band pieces produced 
in Example A8 of the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The decorative item of the present invention and 

15 the process for producing the same will first be 
described below. 

The decorative item of the present invention 
comprises a basis material having a hardened layer 
wherein a solute atom is diffused so as to form a solid 

20 solution; and at least one hard coating disposed on a 
surface of the hardened layer. Optionally, the 
decorative item may further comprise a gold alloy 
coating disposed on a surface of the hard coating. 
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Basis material 
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The basis material for use in the decorative item 
of the present invention can be, for example, any of 
stainless steel, titanium metals and titanium alloys. 
In particular, austenitic stainless steel is 
5 preferably employed as the stainless steel. 

The titanium metals refer to metallic materials 
based mainly on pure titanium, and include, for example, 
titanium type 1, titanium type 2 and titanium type 3 
specified in the Japanese Industrial Standards (JIS) . 
10 The titanium alloys refer to metallic materials 

comprising metals based mainly on pure titanium and, 
added thereto, aluminum, vanadium, iron or the like. 
The titanium alloys include, for example, titanium type 
60 and titanium type 60E specified in the Japanese 
15 Industrial Standards (JIS) . Further, the titanium 
alloys include various other titanium alloys and 
various titanium-based intermetallic compounds. 

In the present invention, a solute atom is 
diffused in a surface of the above basis material 
20 constituted of a metal or alloy so as to form a solid 
solution, thereby providing a hardened layer. 

The above solute atom may be at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms. 
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Carbon atoms may be diffused in stainless steel, 
for example, austenitic stainless steel. Alternatively, 
nitrogen atoms together with oxygen atoms may be 
diffused in stainless steel. 
5 Nitrogen atoms together with oxygen atoms may be 

diffused in titanium or a titanium alloy. 
Alternatively, carbon atoms may be diffused in titanium 
or a titanium alloy. 

The hardened layer is preferably so formed as to 
10 extend from a surface of the basis material to a depth 
of 5 to 50 Jim. 

Preferably, the hardened layer has a specular 
surface whose Vickers hardness (HV; loaded with 50 g) 
is 500 or greater. 
15 In the present invention, for example, the 

formation of a carburized layer as the ha-rdened layer 
in the basis material constituted of austenitic 
stainless steel containing no titanium metals is 
preferably carried out through the following process. 
20 (1) Fluorination: 

Before the formation of a carburized layer, it is 
preferred that the basis material be fluorinated in a 
fluorogas atmosphere at 100 to 500°C, especially 150 to 
300°C. 
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The above austenitic stainless steel can be, for 
example, Fe-Cr-Ni-Mo stainless steel or Fe-Cr-Mn 
stainless steel. Stable stainless steel whose Ni 
content is minimized is preferably employed as the 
5 austenitic stainless steel in the present invention 
from the viewpoint of depth of carburized hardened 
layer and cost. From the viewpoint of corrosion 
resistance, however, stainless steel whose Ni content 
is high and containing a valence element Mo in an 

10 amount of about 1.5 to 4% by weight is preferably 

employed. As the optimum austenitic stainless steel, 
there can be mentioned stainless steel obtained by 
adding 1.5 to 4% by weight of Mo to stable stainless 
steel whose chromium content is in the range of 15 to 

15 25% by weight and wherein the austenitic phase is 
stable despite working effected at ordinary 
temperatures . 

The fluorogas for use in the above fluorination 
can be, for example, a gas of any of f luorocompounds 

20 such as NF 3 , CF 4 , SF 4 , C 2 F 6 , BF 3 , CHF 3 , HF, SFg, WFg, 
SiF 4 and CIF3. These f luorocompound gases can be used 
individually or in combination. Also, besides these 
gases, gases of other compounds containing fluorine in 
molecules thereof can be used as the above fluorogas. 

25 Further, F 2 gas formed by thermal cracking of these 
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f luorocompound gases by means of a thermal cracking 
apparatus or F£ gas otherwise prepared in advance can 

be used as the above fluorogas. The above 

f luorocompound gases and F 2 gas can be used in an 

5 arbitrary combination. 

The fluorogases such as the above f luorocompound 
gases and F£ gas, although can be used alone, are 

generally diluted with an inert gas such as nitrogen 
gas or argon gas before use. The concentration of 

10 fluorogas per se in the diluted gas is generally in the 
range of 10,000 to 100,000 ppm by volume, preferably 
20,000 to 70,000 ppm by volume, and still preferably 
30,000 to 50,000 ppm by volume. 

The fluorogas most favorably employed in the 

15 present invention is NF3 . The NF3 is gaseous at 

ordinary temperatures and has high chemical stability, 
and its handling is easy. The NF3 gas is generally 

combined with nitrogen gas' and used at concentrations 
which fall within the above range. 
20 The fluorination of the present invention is 

carried out by disposing, for example, a basis material 
wrought into a given shape in a fluorogas atmosphere of 
the above concentration at 100 to 500°C. The period of 
fluorination, although varied depending on the type and 
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size of fluorinated material, etc., is generally in the 
range of ten-odd minutes to some hours. 

This fluorination leads to formation of a 
fluorinated coating highly permeable for carbon atoms 

5 on the surface of basis material. Accordingly, the 
subsequent gas carburization as hardening operation 
causes carbon atoms to penetrate and diffuse from the 
surface of stainless steel to the internal part thereof, 
so that a carburized hardened layer can be formed 

10 easily. 

(2) Gas carburization: 

The thus fluorinated base material is gas 
carburized in a carburizing gas atmosphere containing 
carbon monoxide at 400 to 500°C, preferably 400 to 
15 480°C. 

The carburizing gas for use in this carburization 
contains carbon monoxide as a carbon source gas. It is 
generally used in the form of a mixed gas composed of 
carbon monoxide, hydrogen, carbon dioxide and nitrogen. 
20 In the present invention, by virtue of the gas 

carburization at low temperatures ranging from 400 to 
500°C, crystalline chromium carbide such as Cr 2 3Cg 

would not precipitate in the carburized hardened layer 
to avoid consumption of chromium atoms of the 
25 austenitic stainless steel. As a result, the 
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carburized hardened layer can maintain excellent 
corrosion resistance. Further, by virtue of the low 
carburization temperature, bulking of crystalline 
chromium carbide such as Cr 23 C 6 , Cr 7 C 3 or Cr 3 C 2 by the 

5 carburization would not occur, and strength lowering 
due to softening of the internal part of stainless 
steel would be slight. 

As a result of the above gas carburization, the 
carburized hardened layer (carbon diffusion penetration 

10 layer) is uniformly formed at the surface of the basis 
material constituted of austenitic stainless steel. 
Furthermore, the above gas carburization would not lead 
to occurrence of crystalline chromium carbide and to 
consumption of chromium atoms of the basis material 

15 (also referred to as "base material"). As a result, 
the carburized hardened layer can maintain corrosion 
resistance that is substantially equal to the excellent 
corrosion resistance inherently possessed by the 
austenitic stainless steel. 

20 A layer wherein mainly C and Fe of stainless steel 

are simultaneously present, probably "mill scale" 
containing iron oxides such as Fe 2 0 3 , is formed on the 

surface of basis material after the gas carburization. 
(3) Pickling: 
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After the above gas carburization, the basis 
material for decorative item, for example, the base 

material for exterior part of timepiece is pickled. 

For example, the base material for exterior part of 

5 timepiece is immersed in an acid solution. 

The acid solution for use in this pickling is not 
particularly limited. For example, it can be a 
solution of any of hydrofluoric acid, nitric acid, 
hydrochloric acid, sulfuric acid and ammonium fluoride. 

10 These acids can be used alone, and also can be used in 
the form of a solution of a mixture of ammonium 
fluoride and nitric acid, a mixture of nitric acid and 
hydrofluoric acid, a mixture of nitric acid and 
hydrochloric acid or a mixture of sulfuric acid and 

15 nitric acid. 

Although the concentration of acid solution can be 
appropriately determined, with respect to, for example, 
a solution of a mixture of nitric acid and hydrochloric 
acid, it is preferred that the nitric acid 

20 concentration range from about 15 to 40% by weight and 
that the hydrochloric acid concentration range from 
about 5 to 20% by weight. With respect to a nitric 
acid solution, it is preferred that the concentration 
thereof range from about 10 to 30% by weight. 
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The acid solution can be used at both ordinary 
temperatures and high temperatures. 

For the pickling, electrolysis may be performed 
with the use of an electrolytic solution such as nitric 
5 acid or sulfuric acid. 

The immersion time in the acid solution, although 
depending on the type of acid solution, is generally in 
the range of about 15 to 90 min . 

By virtue of this pickling, the iron contained in 
10 the mill scale formed on the surface of the base 

material for exterior part of timepiece, attributed to 
the carburization, is oxidized and diffused away to 
attain removal of the mill scale. However, only this 
pickling cannot accomplish complete removal of the mill 
15 scale. Further, the surface of hardened layer formed 
by the gas carburization is roughened by the 
dissolution of iron caused by the immersion in the acid 
solution . 

(4) Rinsing: 

20 After the above pickling, the basis material for 

decorative item, for example, the base material for 
exterior part of timepiece is rinsed (washed) . 

By virtue of this rinsing, not only is any mill 
scale being peeled from the base material for exterior 

25 part of timepiece washed away but also the acid 
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solution attaching to the base material for exterior 
part of timepiece is completely washed away so as to 
stop the advance of the roughening of carburized 
hardened layer by the acid solution. Despite the above 
5 pickling and rinsing, the mill scale cannot be 
completely removed from the surface of the base 
material for exterior part of timepiece. 
(5) Polishing: 

After the rinsing, the surface of the basis 

10 material for decorative item, for example, the base 

material for exterior part of timepiece is subjected to 
barrel polishing. 

For example, the base material for exterior part 
of timepiece is set inside a barrel vessel of a barrel 

15 polishing machine. Preferably, walnut chips and 

alumina abrasive as polishing mediums are placed in the 
barrel vessel. Barrel polishing is carried out for a 
period of about 10 hr to polish the rough surface 
formed at the outermost surface of carburized hardened 

20 layer as well as remaining mill scale. 

The mill scale formed on the surface of the base 
material for exterior part of timepiece can be 
completely removed by the combination of the above 
pickling, rinsing and barrel polishing. Even if the 

25 base material for exterior part of timepiece has 
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complex configuration, the mill scale can be completely 
removed therefrom. Further, the base material for 
exterior part of timepiece can be polished by the 
barrel polishing so as to have a specular surface. 

5 When buffing is carried out in place of the barrel 

polishing, it is extremely difficult to completely 
remove the mill scale formed on the surface of the base 
material for exterior part of timepiece. 

If the surface hardness (HV) of the carburized 

10 layer after the barrel polishing is at least 500 as 
measured under a load of 50 g, it is satisfactory as 
that of the exterior part of timepiece and other 
decorative items. It is preferred that the surface 
hardness (HV) be at least 600 as measured under a load 

15 of 50 g. 

In the present invention, after the barrel 
polishing, the surface of the basis material for 
decorative item such as the base material for exterior 
part of timepiece may further be buffed. 

20 After the buffing, if the surface hardness (HV) of 

the carburized layer is at least 500 as measured under 
a load of 50 g, it is satisfactory as that of the 
exterior part of timepiece and other decorative items. 
It is preferred that the surface hardness (HV) be at 

25 least 600 as measured under a load of 50 g. 
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Hard coating 
It is preferred that the hard coating as a 
constituent of the decorative item of the present 
invention be constituted of a nitride, carbide, oxide, 
5 nitrido-carbide or nitrido-carbido-oxide of an element 
belonging to Group 4a, 5a or 6a of the periodic table. 
In particular, a hard coating of carbon is especially 
preferred . 

An intermediate layer can be disposed between this 
10 hard coating of carbon and a surface of the hardened 
layer of the basis material. 

It is preferred that the intermediate layer 
comprise a lower layer of Ti or Cr disposed on the 
hardened layer surface of the basis material and an 
15 upper layer of Si or Ge disposed on a surface of the 
lower layer. 

In the decorative item of .the present invention, 
at least two hard coatings may be formed on the 
hardened layer surface of the basis material, or at 
20 least two hard coatings may be laminated on the 
hardened layer surface of the basis material. 

Further, in the decorative item of the present 
invention, the hard coating may be disposed on portion 
of the hardened layer surface of the basis material. 
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The hard coating as a constituent of the 
decorative item of the present invention may be one 
exhibiting a tone which is different from that of the 
surface of the basis material. 
5 The surface hardness of the hard coating is 

generally greater than that of the basis material. 

Specific methods of forming the above hard coating 
and specific methods of forming the intermediate layer 
disposed between the hard coating of carbon and the 
10 surface of hardened layer of basis material will be 
described later with reference to Example A's. 



Gold alloy coating 
The decorative item of the present invention may 
15 further comprise a gold alloy coating disposed on the 
hard coating. 

It is preferred that the gold alloy coating be 
constituted of, for example, an alloy of gold and at 
least one metal selected from the group consisting of 
20 Al, Si, V, Cr, Ti, Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, 
Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Ir and Pt. 

Specific methods of forming the above gold alloy 
coating will be described later with reference to 
Example A's. 
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Now, the exterior part of timepiece according to 
the present invention and the process for producing the 
same will be described in detail. 

The exterior part of timepiece according to the 
5 present invention can be classified into a wristwatch 
band as obtained by connecting a plurality of band 
pieces of stainless steel to each other by means of a 
plurality of connecting parts of stainless steel and an 
exterior part of timepiece other than the wristwatch 
]0 band. 

With respect to the band pieces and connecting 
parts constituting the former wristwatch band, at least 
the band pieces are carburized, preferably gas 
carburized, so that a carburized hardened layer is 

15 formed at the surface thereof. 

The latter exterior part of timepiece other than 
the wristwatch band is also carburized, preferably gas 
carburized, so that a carburized hardened layer is 
formed at the surface thereof. 

20 In the production of the wristwatch band 

comprising a plurality of band pieces connected to each 
other by means of a plurality of connecting parts, not 
only the band pieces but also the connecting parts 
(connecting pins, length adjustment pins, etc.) are 

25 carburized, so that a hard carburized layer is formed 
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in the connecting parts in a region extending from the 
surface thereof to a depth of tens of microns (jam) . As 
a result, the hardness of the connecting parts is 
increased, so that, even if the band is stretched along 
5 the length thereof, the connecting parts, such as 
connecting pins and length adjustment pins, are 
resistant to bend or breakage. Therefore, even if 
extremely large external force is applied to the 
wristwatch band, accidental disconnection of band 

10 pieces is rare. Thus, the strength of the band 

comprising a large number of band pieces connected to 
each other is high. 

Upon the formation of the carburized hardened 
layer, it may occur that the elastic force of length 

15 adjustment pins is changed, and hence that detaching of 
the length adjustment pins becomes difficult, or 
contrarily easy. In such an instance, after the barrel 
polishing step and further buffing step, it is 
preferred to replace the carburized length adjustment 

20 pins by noncarburized length adjustment pins. 

In the above expression "with respect to the band 
pieces and connecting parts constituting the former 
wristwatch band, at least the band pieces are 
carburized, preferably gas carburized, so that a 

25 carburized hardened layer is formed at the surface 
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thereof", the terminology "at least the band pieces" 
means that, after the barrel polishing step and further 
buffing step, the carburized length adjustment pins may 
be replaced by noncarbur ized length adjustment pins. 
5 In the wristwatch band comprising a plurality of 

band pieces of stainless steel connected to each other 
by means of a plurality of connecting parts of 
stainless steel according to the present invention, not 
only the band pieces but also the connecting parts are 

10 carburized, preferably gas carburized, before or after 
the connection of a plurality of band pieces by means 
of a plurality of connecting parts. 

It is especially preferred that the stainless 
steel for use as the material of the wristwatch band or 

15 constituent parts thereof (band pieces or connecting 
parts) be austenitic stainless steel. The stainless 
steel for use in the present invention does not contain 
titanium metals. 

The above austenitic stainless steel is a 

20 stainless steel whose at least 60% by weight has an 

austenite phase at ordinary temperatures. For example, 
there can be mentioned an Fe-Cr-Ni-Mo stainless steel 
or an Fe-Cr-Mn stainless steel. As the austenitic 
stainless steel for use in the present invention, while 

25 a stable stainless steel whose Ni content is minimized 
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is preferred from the viewpoint of depth of carburized 
hardened layer and cost, a stainless steel having a 
high Ni content and containing Mo being a valence 
element in an amount of about 1.5 to 4% by weight is 
preferred from the viewpoint of corrosion resistance. 
As the most suitable austenitic stainless steel, there 
can be mentioned one obtained by adding 1.5 to 4% by 
weight of Mo to a stable stainless steel having a 
chromium content of 15 to 25% by weight wherein the 
austenite phase is stable even if processed at ordinary 
temperatures . 

Machining 

In the present invention, the surface of the base 
materials for band pieces connected to each other by 
means of connecting parts, or band pieces prior to 
connection, or personal ornaments, can be machined 
prior to the fluorination in order to obtain exterior 
parts of timepiece with surfaces having been subjected 
to machining, such as hairline finishing wherein a vast 
plurality of mutually parallel nicks are engraved or 
honing wherein a vast plurality of recessed portions 
are cut . 

With respect to the surface of the base materials 
for band pieces connected to each other by means of 
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connecting parts, or band pieces prior to connection, 
or personal ornaments, the carburized hardened layer 
formed in the surface by gas carburizing is so hard 
that machining thereof is extremely difficult. The 
5 machining is performed prior to the fluorination 
because of working convenience. 

The depth of hairline, honing recessed portions or 
the like, engraved by the above machining in the 
surface of the base materials for band pieces or 

10 exterior parts of timepiece other than the wristwatch 
band, is naturally to be such that hairline or honing 
patterns appear even after barrel polishing and further 
buffing described later. In the machining, the depth 
of hairline, honing recessed portions or the like, 

15 although not particularly limited, is generally in the 
range of about 5 to 7 jam. After the barrel polishing 
and further buffing, the depth of hairline, honing 
recessed portions or the like is generally in the range 
of about 1 to 2 Jim. 

20 Moreover, in the present invention, the above 

machining can be performed on the surface having been 
polished by the barrel polishing and further buffing 
described later so as to be specular. With respect to 
the carburized layer, the concentration of carbon of 

25 solid solution is lowered in accordance with the 



44 



increase of the depth from the surface thereof, so that 
the hardness of the layer is decreased. Therefore, 
removing the region to about 1 - 2 from the 
extremely hard surface of carburized hardened layer by 
5 the barrel polishing and further buffing leads to 
slight lowering of the surface hardness of the 
carburized hardened layer. The resultant polished 
surface can be machined. 

This machining is not performed when the surface 

10 of the base materials for band pieces connected to each 
other by means of connecting parts, or band pieces 
prior to connection or exterior parts of timepiece 
other than the wristwatch band, is rendered specular. 
For causing both the specular surface and the 

15 machined surface to be simultaneously present, 

conventional methods can be employed. For example, 
first masking portions to be rendered specular, 
subsequently machining and thereafter removing the mask 
enables machining only the nonmasked portions while the 

20 masked portions are specular. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above machining, 
500 or greater under a load of 50 g is satisfactory as 
the hardness of exterior parts of timepiece. It is 
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preferred that the surface hardness be 600 or greater 
under a load of 50 g. 

Fluorination 

5 In the wristwatch band comprising a plurality of 

band pieces of stainless steel connected to each other 
by means of a plurality of connecting parts of 
stainless steel according to the present invention, not 
only the band pieces but also the connecting parts are 

10 fluorinated by heating them in a fluorogas atmosphere 
at 250 to 600°C, preferably 300 to 500°C, before or 
after the connection of a plurality of band pieces of 
stainless steel by means of a plurality of connecting 
parts of stainless steel. 

15 Also, in the exterior parts of timepiece other 

than the wristwatch band comprising band pieces 
connected to each other by means of connecting parts, 
the base material thereof (base material for exterior 
parts of timepiece) is fluorinated by heating it in a 

20 fluorogas atmosphere at 250 to 600°C, preferably 300 to 
500°C. 

Fluorogases are employed in the fluorination. 
Examples of fluorogases employed in this 
fluorination, examples of preferred fluorogases, the 
25 fluorogas concentration in the use thereof and the 
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method of application thereof are the same as described 
hereinbefore with respect to the decorative item of the 
present invention and the process for producing the 
same . 

5 In the present invention, this fluorination is 

carried out, for example, by placing, after shaping 
into given morphology, stainless steel band pieces and 
connecting parts for the wristwatch band, or wristwatch 
bezels, casings, back lids, dials, etc., in a 

10 fluorination furnace and heating them in a fluorogas 
atmosphere of the aforementioned concentration at 250 
to 600°C. The fluorination time, although depending on 
the type and size of materials to be fluorinated, is 
generally in the range of ten-odd minutes to tens of 

15 minutes. 

As a result of this fluorination, the passive 
coating containing Cr 2 03 formed at the surface of 

materials to be fluorinated is converted to a 
fluorinated coating. This fluorinated coating exhibits 
20 high penetrability for carbon atoms. Therefore, in the 
subsequent gas carburizing, carbon atoms are penetrated 
and diffused from the surface of stainless steel toward 
the internal part thereof, thereby enabling easily 
forming the carburized hardened layer. 



25 
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Gas carburizing 
The thus fluorinated base materials for band 
pieces, connecting parts or other exterior parts of 
wristwatch are gas carburized at 400 to 500°C, 
5 preferably 400 to 480°C, in a carburizing gas 
atmosphere containing carbon monoxide. 

In the carburizing gas for use in this 
carburizat ion, carbon monoxide is used as a carbon 
source gas. The carburizing gas is generally applied 
10 in the form of a mixed gas consisting of carbon 
monoxide and any of hydrogen, carbon dioxide and 
nitrogen . 

The carburization capability {carbon potential: Pc 
value) of the carburizing gas is generally expressed by 
15 the formula: 

Pc = (Pco) 2 /Pco 2 

wherein Pco and Pco2 represent the partial 
pressure of CO and partial pressure of CO2 in the gas 
atmosphere, respectively. 

20 In accordance with the increase of this Pc value, 

the carburization capability is enhanced, and the 
surface carbon concentration of stainless steel, for 
example, austenitic stainless steel is increased to 
increase the surface hardness, but the amount of soot 

25 formed in the gas carburization furnace is also 
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increased. However, even if the Pc value is set over a 
given limiting point, there is a limit in the surface 
hardness of resultant carburized hardened layer. On 
the other hand, in accordance with the decrease of the 
5 Pc value, the carbur ization capability is diminished , 
and the surface carbon concentration of austenitic 
stainless steel is lowered to result in lowering of the 
surface hardness. 

In the present invention, by lowering the gas 

10 carburization temperature to 400 to 500°C, 

precipitation of crystalline chromium carbide such as 
Cr 23 c 6 in t!ie carburized hardened layer and hence 
consumption of chromium atoms in the austenitic 
stainless steel can be avoided to enable maintaining 

15 the excellent corrosion resistance of the carburized 
hardened layer. Further, because of the low 
carburization temperature, not only can bulky 
enlargement of chromium carbides by the carburization 
be avoided but also the strength lowering by softening 

20 of the internal part of stainless steel is slight. 
By virtue of this gas carburization, the 
carburized hardened layer (layer wherein carbon is 
diffused and penetrated) is homogeneously formed at the 
surface of the base materials for austenitic stainless 

25 steel band pieces and connecting parts thereof, or 
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other austenitic stainless steel exterior parts of 
timepiece . 

None of crystalline chromium carbides such as 
Cr 23 C 6' Cr 7 c 3 and Cr 3 c 2' ^- s f° rmeci i- n the above 
5 carburized hardened layer, and only ultrafine metal 

carbides with a particle diameter of 0.1 urn or less are 
recognized by an observation through a transmission 
electron microscope. As a result of spectral analysis 
with the use of a transmission electron microscope, it 

10 is found that the ultrafine metal carbides have the 

same chemical composition as that of the base material 
and are not crystalline chromium carbides. In the 
carburized hardened layer, carbon atoms are penetrated 
and diffused in the metal lattice of the base material 

15 and do not form chromium carbides. The carburized 

hardened layer consists of the same austenitic phase as 
that of the base material. Because of the penetration 
and dissolution of a large amount of carbon atoms, the 
carburized hardened layer suffers a conspicuous lattice 

20 strain. By virtue of a combined effect attained by the 
ultrafine metal carbides and the lattice strain, a 
hardness enhancement of the carburized hardened layer 
is realized. Thus, a Vickers hardness (HV) as high as 
700 to 1050 can be attained. Furthermore, because the 

25 above gas carburizing does not lead to formation of 
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crystalline chromium carbides and to consumption of 
chromium atoms in the base material, the carburized 
hardened layer has the same level of excellent 
corrosion resistance as that inherently possessed by 
5 the austenitic stainless steel. 

An extremely thin mill scale is formed on the gas 
carburized surface of the base materials for band 
pieces and connecting parts thereof, or other exterior 
parts of timepiece. 

10 

Pi cklina 

The base materials for band pieces and connecting 
parts thereof, or other exterior parts of timepiece, 
after the above gas carburizing, are pickled in the 

15 same manner as described hereinbefore with respect to 
the decorative item of the present invention and the 
process for producing the same. For example, the base 
materials for band pieces and connecting parts thereof, 
or other exterior parts of timepiece are immersed in an 

20 acid solution. 

Iron contained in the mill scale, which has been 
formed on the surface of the base materials for band 
pieces and connecting parts thereof, or other exterior 
parts of timepiece as a result of the carburizing, is 

25 oxidized and diffused in the acid solution by the 
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pickling. Thus, the mill scale is removed. However, 
the mill scale cannot be completely removed by the 
pickling only. Moreover, the surface of band pieces, 
etc., namely the surface of the carburized hardened 
5 layer formed by the gas carburizing, is roughened 
because of the dissolution of iron caused by the 
immersion in the acid solution. 



Rinsing 

10 After the above pickling, the base materials for 

band pieces and connecting parts thereof, or other 
exterior parts of timepiece, are rinsed. 

This rinsing enables not only washing away any 
mill scale being peeled from the base materials for 

15 band pieces and connecting parts thereof, or other 
exterior parts of timepiece, but also completely 
washing away the acid solution sticking to the base 
materials for band pieces and connecting parts thereof, 
or other exterior parts of timepiece, so as to avoid 

20 further advance of roughening of the carburized 

hardened layer by the acid solution. However, the mill 
scale formed on the surface of the base materials for 
band pieces and connecting parts thereof, or other 
exterior parts of timepiece, cannot be completely 

25 removed by the above pickling and rinsing. 
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Barrel polishing 
The rinsed surface of the base materials for band 
pieces and connecting parts thereof, or other exterior 
parts of timepiece, is subjected to barrel polishing. 
5 For example, the base materials for the wristwatch 

band obtained by connecting band pieces to each other 
by means of connecting parts, or band pieces and 
connecting parts prior to connection, or other exterior 
parts of timepiece, are disposed inside a barrel vessel 

10 of a barrel polishing apparatus. Polishing mediums, 
preferably walnut chips and alumina abrasive, are 
placed in the barrel vessel. A barrel polishing is 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 

15 the carburized hardened layer of band pieces, etc. and 
also the mill scale remaining on the outermost surface. 

The mill scale formed on the surface of the base 
materials for mutually connected band pieces, 
unconnected band pieces, connecting parts to be 

20 employed for connecting band pieces to each other, or 
other exterior parts of timepiece, can be completely 
removed by sequentially carrying out the pickling, the 
rinsing and the barrel polishing. Even if the base 
materials for these exterior parts of timepiece have 

25 complex configuration, the mill scale can be completely 
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removed. When the machining such as hairline finishing 
is not effected, the surface of the base materials for 
mutually connected band pieces, unconnected band pieces, 
connecting parts to be employed for connecting band 
5 pieces to each other, or other exterior parts of 
timepiece, can be rendered specular by this barrel 
polishing. 

In the event that buffing is performed in place of 
the barrel polishing, it is very difficult to 

10 completely remove the mill scale formed on the surface 
of the base materials for mutually connected band 
pieces, unconnected band pieces, connecting parts to be 
employed for connecting band pieces to each other, or 
other exterior parts of timepiece. 

15 With respect to the surface hardness (HV) of the 

carburized layer having undergone the above barrel 
polishing, 500 or greater under a load of 50 g is 
satisfactory as the hardness of exterior parts of 
timepiece. It is preferred that the surface hardness 

20 be 600 or greater under a load of 50 g. 



After the barrel polishing, the surface of the 
base materials for band pieces, mutually connected band 
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pieces, or other exterior parts of timepiece, may 
further be buffed. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above buffing, 
5 500 or greater under a load of 50 g is satisfactory as 
the hardness of exterior parts of timepiece. It is 
preferred that the surface hardness be 600 or greater 
under a load of 50 g. 



10 Connection of a plurality of band pieces 

Unconnected band pieces are connected to each 
other by means of connecting parts to thereby obtain a 
completed wristwatch band. 



15 Another form of exterior part of timepiece 

according to the present invention and the process for 
producing the same will be described in detail below. 

First, another form of exterior part of timepiece 
according to the present invention will be described. 

20 

Another form of exterior part of timepiece 
Another form of exterior part of timepiece 
according to the present invention comprises a metal, 
this metal having at its surface a deformed layer 
25 containing a fibrous structure wherein metal crystal 
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grains are deformed so as to be fibrous, al least the 
deformed layer having a hardened layer wherein a solute 
atom is diffused so as to form a solid solution. 

The metal for constituting this exterior part of 
5 timepiece can be, for example, any of stainless steel, 
titanium metals and titanium alloys. In particular, 
stainless steel, especially austenitic stainless steel, 
is preferably employed as the above metal. 

The above deformed layer is a layer provided at a 
10 metal surface and containing a fibrous structure 

wherein metal crystal grains are deformed so as to be 
fibrous. For forming the fibrous structure wherein 
metal crystal grains are deformed so as to be fibrous, 
it is needed to apply a physical external force to at 
15 least surface of the metal. It is preferred that the 
deformed layer be formed by application to the metal 
surface of a physical external force capable of drawing 
the metal surface substantially unidirectionally . 

As means for applying the physical external force 
20 to the metal surface, there can be mentioned polishing 
or grinding. 

As the polishing, there can be mentioned, for 
example, customary buffing or burnishing. 

In the present invention, the metal surface can be 
25 sequentially burnished and buffed. Also, prior to the 
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buffing or burnishing of the metal surface, the metal 
surface can be subjected to barrel polishing. Further, 
grinding or cutting can be performed on the metal 
surface prior to the buffing or burnishing of the metal 
5 surface . 

It is preferred that the deformed layer extend 
from the metal surface to a depth of 2 to 100 urn. 

In the present invention, a hardened layer wherein 
a solute atom is diffused so as to form a solid 
10 solution is formed at the surface of the above deformed 
layer, so that, after the formation of the hardened 
layer as well, the metal crystal grains are fibrous. 
As a result, no height difference occurs between 
crystal grains and crystal grain boundaries to 
15 disenable viewing any orange peels by the naked eye. 
Therefore, exterior parts of timepiece having a smooth 
or specular surface can be obtained. This smooth or 
specular surface may be planar, or curved. 

It is preferred that the hardened layer extend 
20 from a surface of the deformed layer to a depth of 5 to 
50 [jm. 

The solute atom is at least one atom selected from 
the group consisting of carbon, nitrogen and oxygen 
atoms . 
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The specular surface of the hardened layer 
preferably exhibits a Vickers hardness (HV) of 500 or 
greater . 

5 Process for producing another form of exterior 

part of timepiece 

(Formation of deformed layer) 
In the above other form of exterior part of 
timepiece according to the present invention, a 
10 physical external force is applied to a surface of 

stainless steel so as for at least the stainless steel 
surface to have a deformed layer containing a fibrous 
structure wherein metal crystal grains are deformed so 
as to be fibrous. 
15 This deformed layer is preferably formed by 

application to the stainless steel surface of a 
physical external force capable of drawing the 
stainless steel surface substantially unidirectionally . 
As means for applying the physical external force 
20 to the metal surface, there can be mentioned polishing 
or grinding. 

As the polishing, there can be mentioned, for 
example, customary buffing or burnishing. 

In this burnishing, the base material for an 
25 exterior part of timepiece is fixed on the 
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circumferential surface of a rotary wheel so that the 
upper surface of the base material is arranged outwards. 
Subsequently, the rotary wheel is rotated, and diamond 
or an ultrahard tool (for example, tungsten or carbide) 

5 is pressed to the upper surface of the base material to 
polish the upper surface of the base material. 

In the present invention, the metal surface can be 
sequentially burnished and buffed. Also, prior to the 
buffing or burnishing of the metal surface, the metal 

10 surface can be subjected to barrel polishing. Further, 
grinding or cutting can be performed on the metal 
surface prior to the buffing or burnishing of the metal 
surface . 

In this grinding, the upper surface of the base 
15 material for an exterior part of timepiece is pressed 
to a grinding wheel (emery wheel) being rotated so that 
the upper surface of the base material for an exterior 
part of timepiece is ground by abrasive grains of the 
grinding wheel. In the present invention, grinding is 
20 performed with a grinding power moderated. The method 
of moderating the grinding power, for example, 
comprises using less coarse abrasive grains in the 
grinding wheel, or reducing the number of such abrasive 
grains, or reducing the amount of grinding agent. 
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In the present invention, the deformed layer can 
be formed by subjecting the stainless steel surface to 
at least one of cutting and grinding operations to form 
a face of desired shape, and polishing the face of 
5 desired shape to form the deformed layer. 

Alternatively, not only a face of desired shape but 
also the deformed layer can be formed by grinding the 
stainless steel surface. 

The face of desired shape may be substantially 
10 flat, or curved. 

With respect to the individual means for applying 
a physical external force, the order of preference is: 

burnishing > buffing > grinding > cutting. 

In the present invention, it is especially 
15 preferred to employ grinding and buffing in combination. 

It is preferred that the deformed layer be so 
formed as to extend from the stainless steel surface to 
a depth of 2 to 100 urn. 

In the present invention, the above deformed layer 
20 is generally formed at the surface of stainless steel 
as the base material for an exterior part of timepiece, 
produced by forging (cold forging or hot forging) 
ensuring a large extent of deformation. 



25 



(Formation of hardened layer) 
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Now, a hardened layer is formed by subjecting the 
surface of the thus formed deformed layer to such a 
hardening that a solute atom is diffused in the surface 
of the deformed layer so as to form a solid solution 
5 therein. 

At least one atom selected from the group 
consisting of carbon, nitrogen and oxygen atoms is used 
as the above solute atom. For example, carbon atoms 
are diffused in the austenitic stainless steel, or 
10 nitrogen and oxygen atoms are diffused in titanium or a 
titanium alloy. Alternatively, carbon atoms are 
diffused in titanium or a titanium alloy. 

The hardened layer is preferably so formed as to 
extend from the surface of the deformed layer to a 
15 depth of 5 to 50 jam. 

Preferably, the hardened layer has a specular 
surface whose Vickers hardness (HV) is 500 or greater. 

In the present invention, for example, when a 
carburized layer as the hardened layer is formed on the 
20 surface of the deformed layer obtained in the above 
manner in the basis material for an exterior part of 
timepiece, constituted of austenitic stainless steel 
containing no titanium metals, an exterior part of 
timepiece is preferably produced through the following 
25 process. 



61 



Specifically, in this process, it is preferred 
that, before the formation of a carburized layer, the 
basis material for an exterior part of timepiece having 
the deformed layer provided at the surface thereof be 

5 fluorinated in a fluorogas atmosphere at 100 to 500°C, 
especially 150 to 300°C. 

The above austenitic stainless steel can be, for 
example, Fe-Cr-Ni-Mo stainless steel or Fe-Cr-Mn 
stainless steel. Stable stainless steel whose Ni 

10 content is minimized is preferably employed as the 
austenitic stainless steel in the present invention 
from the viewpoint of depth of carburized hardened 
layer and cost. From the viewpoint of corrosion 
resistance, however, stainless steel whose Ni content 

15 is high and containing a valence element Mo in an 
amount of about 1.5 to 4% by weight is preferably 
employed. As the optimum austenitic stainless steel, 
there can be mentioned stainless steel obtained by 
adding 1.5 to 4% by weight of Mo to stable stainless 

20 steel whose chromium content is in the range of 15 to 
25% by weight and wherein the austenitic phase is 
stable despite working effected at ordinary 
temperatures . 

Examples of fluorogases employed in this 

25 f luorination, examples of preferred fluorogases, the 
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fluorogas concentration in the use thereof and the 
method of application thereof are the same as described 
hereinbefore with respect to the decorative item of the 
present invention and the process for producing the 
5 same . 

In the present invention, this fluorination is 
carried out, for example, by placing, after shaping 
into given morphology, stainless steel band pieces for 
the wristwatch band, or wristwatch bezels, casings, 

10 back lids, dials, etc., in a fluorination furnace and 
heating them in a fluorogas atmosphere of the 
aforementioned concentration at 100 to 500°C. The 
fluorination time, although depending on the type and 
size of materials to be fluorinated, is generally in 

15 the range of ten-odd minutes to some hours. 

This fluorination leads to formation of a 
fluorinated coating highly permeable for carbon atoms 
on the surface of the deformed layer. Accordingly, the 
subsequent gas carburization as hardening operation 

20 causes carbon atoms to penetrate and diffuse from the 

surface of stainless steel to the internal part thereof, 
so that a carburized hardened layer can be formed 
easily. 

The thus fluorinated base material for an exterior 
25 part of timepiece is gas carburized in the same manner 



63 



as described above with respect to the exterior part of 
timepiece (including wristwatch band) of the present 
invention and the process for producing the same. That 
is, the fluorinated base material is gas carburized in 
5 a carburizing gas atmosphere containing carbon monoxide 
at 400 to 500°C, preferably 400 to 480°C. 

In the present invention, by virtue of the gas 
carburizat ion at low temperatures ranging from 400 to 
500°C, crystalline chromium carbide such as Cr23Cg 

10 would not precipitate in the carburized hardened layer 
to avoid consumption of chromium atoms of the 
austenitic stainless steel. As a result, the 
carburized hardened layer can maintain excellent 
corrosion resistance. Further, by virtue of the low 

15 carburization temperature, bulking of chromium carbides 
by the carburization would not occur, and strength 
lowering due to softening of the internal part of 
stainless steel would be slight. 

By virtue of this gas carburization, the 

20 carburized hardened layer (layer wherein carbon is 

diffused and penetrated) is homogeneously formed at the 
surface of the austenitic stainless steel base 
materials for exterior parts of timepiece. 

None of crystalline chromium carbides such as 

25 Cr23Cg, Cr 7 C3 and Cr3C2, is formed in the above 
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carburized hardened layer, and only ultrafine metal 
carbides with a particle diameter of 0.1 p or less are 
recognized by an observation through a transmission 
electron microscope. As a result of spectral analysis 
5 with the use of a transmission electron microscope, it 
is found that the ultrafine metal carbides have the 
same chemical composition as that of the base material 
and are not crystalline chromium carbides. In the 
carburized hardened layer, carbon atoms are penetrated 

10 and diffused in the metal lattice of the base material 
and do not form chromium carbides. The carburized 
hardened layer consists of the same austenitic phase as 
that of the base material. Because of the penetration 
and dissolution of a large amount of carbon atoms, the 

15 carburized hardened layer suffers a conspicuous lattice 
strain. By virtue of a combined effect attained by the 
ultrafine metal carbides and the lattice strain, a 
hardness enhancement of the carburized hardened layer 
is realized. Thus, a Vickers hardness (HV) as high as 

20 700 to 1050 can be attained. Furthermore, because the 
above gas carburizing does not lead to formation of 
crystalline chromium carbides and to consumption of 
chromium atoms in the base material, the carburized 
hardened layer has the same level of excellent 
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corrosion resistance as that inherently possessed by 
the austenitic stainless steel. 

An extremely thin mill scale is formed on the gas 
carburized surface of the base materials for exterior 
5 parts of timepiece. 

The thus gas carburized base materials for 
exterior parts of timepiece are pickled in the same 
manner as described hereinbefore with respect to the 
decorative item of the present invention and the 
10 process for producing the same. 

Iron contained in the mill scale, which has been 
formed on the surface of the base materials for 
exterior parts of timepiece as a result of the 
carburizing, is oxidized and diffused by this pickling. 
15 Thus, the mill scale is removed. However, the mill 

scale cannot be completely removed by the pickling only. 
Moreover, the surface of the carburized hardened layer 
formed by the gas carburizing is roughened because of 
the dissolution of iron caused by the immersion in an 
20 acid solution. 

After the above pickling, the base materials for 
exterior parts of timepiece are rinsed. 

This rinsing enables not only washing away any 
mill scale being peeled from the base materials for 
25 exterior parts of timepiece, but also completely 
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washing away the acid solution sticking to the base 
materials for exterior parts of timepiece, so as to 
avoid further advance of roughening of the carburized 
hardened layer by the acid solution. However, the mill 
5 scale formed on the surface of the base materials for 
exterior parts of timepiece cannot be completely 
removed by the above pickling and rinsing. 

The surface of the base materials for exterior 
parts of timepiece after the rinsing is subjected to 

10 barrel polishing. 

For example, the base materials for exterior parts 
of timepiece are disposed inside a barrel vessel of a 
barrel polishing apparatus. Polishing mediums, 
preferably walnut chips and alumina abrasive, are 

15 placed in the barrel vessel. A barrel polishing is 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized hardened layer and also the mill scale 
remaining on the outermost surface. 

20 The mill scale formed on the surface of the base 

materials for exterior parts of timepiece can be 
completely removed by sequentially carrying out the 
pickling, the rinsing and the barrel polishing. Even 
if the base materials for exterior parts of timepiece 

25 have complex configuration, the mill scale can be 
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completely removed. Further, the surface of the base 
materials for exterior parts of timepiece can be 
rendered specular by this barrel polishing. 

In the event that buffing is performed in place of 
5 the barrel polishing, it is very difficult to 

completely remove the mill scale formed on the surface 
of the base materials for exterior parts of timepiece. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above barrel 
10 polishing, 500 or greater under a load of 50 g is 
satisfactory as the hardness of exterior parts of 
timepiece. It is preferred that the surface hardness 
be 600 or greater under a load of 50 g. 

In the present invention, after the barrel 
15 polishing, the surface of the base materials for 
exterior parts of timepiece may further be buffed. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above buffing, 
500 or greater under a load of 50 g is satisfactory as 
20 the hardness of exterior parts of timepiece. It is 

preferred that the surface hardness be 600 or greater 
under a load of 50 g. 

EFFECT OF THE INVENTION 
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The decorative item of the present invention 
comprises a basis material having a hardened layer 
extending from a surface thereof to an arbitrary depth 
wherein a solute atom is diffused so as to form a solid 
5 solution; and at least one hard coating disposed on a 
surface of the hardened layer of the basis material. 
By virtue of this structure, the decorative item has an 
enhanced surface hardness and hence is excellent in 
scratch resistance. 

10 Further, the decorative item of the present 

invention can have a gold alloy coating superimposed on 
an entire surface or part of surface of the above hard 
coating. Therefore, the decorative item can exhibit 
golden color or other various tones without detriment 

15 to the surface hardness to have enhanced ornamental 
value . 

The process for producing a decorative item 
according to the invention enables obtaining the above 
decorative item, such as an exterior part of timepiece, 
20 according to the present invention with high 
productivity . 

Moreover, according to the present invention, 
there can be provided an exterior part of timepiece 
(including a wristwatch band) of stainless steel, 
25 especially austenitic stainless steel, which is 
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excellent in scratch resistance and has a specular 
surface without detriment to the excellent corrosion 
resistance inherently possessed by austenitic stainless 
steel; an exterior part of timepiece (including a 
wristwatch band) of stainless steel, especially 
austenitic stainless steel, which is excellent in 
scratch resistance and has a surface subjected to 
machining, such as hairline finishing or honing, 
without detriment to the excellent corrosion resistance 
inherently possessed by austenitic stainless steel; and 
processes for producing these exterior parts of 
timepiece . 

Another form of exterior part of timepiece 
according to the present invention comprises a metal as 
a base material therefor, the metal having at its 
surface a deformed layer containing a fibrous structure 
wherein metal crystal grains are deformed so as to be 
fibrous, al least the deformed layer having a hardened 
layer wherein a solute atom is diffused so as to form a 
solid solution. By virtue of this structure, the 
exterior part of timepiece has a smooth or specular 
surface free of "orange peel" and is thus excellent in 
appearance . 

The process for producing another form of exterior 
part of timepiece according to the present invention 
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enables providing the above other form of exterior part 
of timepiece with excellent appearance according to the 
present invention. 

5 Example 

The present invention will be further illustrated 
below with reference to the following Examples, which 
in no way limit the scope of the invention. 

[Examples relating to the decorative item of the 
10 present invention and the process for producing the 
same ] 

Example Al 

A base material of austenitic stainless steel SUS 
316 was shaped by hot forging, cold forging, cutting 
15 and drilling and the like into wristwatch band pieces. 
A plurality of band pieces were rotatably 
connected to each other by inserting connecting parts 
in pinholes provided by drilling in each of the band 
pieces. The surface of the thus connected band pieces 
20 was buffed or otherwise polished so as to become 
specular. Thus, wristwatch bands were completed. 

In each wristwatch band comprising a large number 
of band pieces connected to each other, some of the 
band pieces are those wherein each is separable from 
25 neighboring band pieces so as to enable regulating the 
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band length in conformity with the size of the wrist of 
the wearer, i.e., band pieces for length regulation. 
The band pieces other than the length regulation band 
pieces are those which are connected to each other so 
5 that each is not easily separable from neighboring band 
pieces . 

As the connecting parts, use was made of 
connecting parts for connecting length regulation band 
pieces to each other (length regulation pins} and 
10 connecting parts for connecting other band pieces to 
each other (connecting pins, split pipes and knurled 
pins) . 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
15 to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 
wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 
20 furnace. While blowing a carburizing gas (mixed gas 

consisting of 10% by volume of CO, 20% by volume of H 2 , 
1% by volume of C0 2 and 69% by volume of N 2 ) , the 
wristwatch bands were held in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 
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bands. The wristwatch bands were taken out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
5 and taken out. 

The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 man. 

10 As a result of this pickling, iron contained in 

the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
15 inside walls, and connecting parts for connecting band 
pieces to each other, in particular, connecting pins, 
split pipes and length regulation pins. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
20 carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 
The pickled wristwatch bands were rinsed. 
The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
25 chips and alumina abrasive as polishing mediums were 
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placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. As a result of 
5 this barrel polishing, a region of the carburized layer 
extending from the surface thereof to a depth of 1 to 2 
[xm was removed, and the surface of band pieces, namely 
the outermost surface of the carburized layer, became 
specular . 

10 The wristwatch bands with a specular surface, 

obtained by the above processing, was excellent in 
scratch resistance and maintained the same excellent 
corrosion resistance as inherently possessed by SUS 316. 
The surface hardness (HV) of the carburized layer 

15 reached 700 under a load of 50 g. 

In the above process, because a large number of 
band pieces were collected and formed into each 
wristwatch band before being subjected to the 
f luorination, gas carburizing, pickling, rinsing and 

20 barrel polishing, handling of the band pieces was easy 
to realize a high productivity. Labor and time 
consumed in the processing were reduced, thereby 
enabling lowering processing cost. 

The connecting parts were also carburized so that 

25 a hard carburized layer was formed in a region of each 
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of the connecting parts extending from the surface 
thereof to a depth of tens of microns (pm) . As a 
result, the hardness of the connecting parts was 
increased, so that bending or breakage of connecting 
5 pins and length regulation pins was seldom, even when 
the wristwatch band was stretched along the length 
thereof . 

However, the connecting parts such as connecting 
pins and length regulation pins remain held in the 

10 pinholes provided in band pieces by drilling, so that 
it is difficult to remove the mill scale formed on the 
connecting parts by pickling and polishing. In the 
event that mill scale remains on the connecting parts 
after the pickling and polishing, it is desirable to 

15 replace the connecting parts with mill scale remaining 
thereon by new connecting parts. This replacement 
leads to formation of wristwatch bands whose connecting 
parts only are not furnished with carburized layers. 
Among the connecting parts, when mill scale 

20 remains on length regulation pins, pulling the length 
regulation pins out of the band pieces becomes 
difficult, so that it becomes difficult to regulate the 
band length in conformity with the size of the wrist of 
the wearer. In that event, it is desirable to replace 

25 only the length regulation connecting parts, among the 



75 



connecting parts, by new connecting parts. This 
replacement leads to formation of wristwatch bands 
whose length regulation connecting parts only are not 
furnished with carburized layers. 
5 A golden hard coating was formed on the carburized 

layer of each of the band pieces. 

Referring to Fig. 1, TiN coating 3 constituted of 
titanium nitride, as a golden hard coating, was formed 
by the ion plating technique being a dry plating 

10 technique on carburized layer 2 formed at a surface of 
band piece 1 . 

The method of forming the TiN coating 3 will be 
described below. 

Wristwatch band furnished with carburized layer 2 

15 was rinsed with an organic solvent such as isopropyl 
alcohol and disposed in an ion plating apparatus. , 
Common ion plating apparatus can be employed, so that a 
description and drawing with respect to the ion plating 
apparatus will be omitted herein. 

20 The ion plating apparatus was exhausted to 1.0 x 

10~ 5 Torr, and thereafter an argon gas as an inert gas 
was introduced therein up to 3.0 x 10 - ^ Torr. 

A thermionic filament and a plasma electrode 
disposed inside the ion plating apparatus were operated 

25 to produce argon plasma. Simultaneously, a voltage of 
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-50 V was applied to the wristwatch band, and a 
bombardment cleaning of the wristwatch band was 
performed for 10 min. 

The introduction of argon gas was discontinued, 
5 and a nitrogen gas was introduced in the ion plating 
apparatus up to 2.0 x 10""^ Torr. 

Subsequently, plasma was produced by means of an 
electron gun disposed inside the ion plating apparatus. 
In the plasma, titanium was evaporated for 10 min, so 
10 that 0.5 pm thick TiN coating 3 was formed on an entire 
surface of the wristwatch band, i.e., the carburized 
layer 2 of the band pieces 1. 

Because the TiN coating 3 had the same optical 
characteristics as gold, the thus obtained wristwatch 
15 bands exhibited homogeneous golden tone. This enabled 
enhancing the ornamental value of the wristwatch bands. 

The surface hardness (HV). of the band pieces 1 
covered with the TiN coating 3 reached 800 under a load 
of 50 g. The band pieces 1 covered with the TiN 
20 coating 3 had excellent resistances to wear, corrosion 
and scratch. 

The scratch resistance of the band pieces 1 having 
undergone surface hardening (carburization) was 
increased by the above formation of the TiN coating 3 
25 which was harder than the carburized layer 2. 
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The dry plating method is not limited to the above 
ion plating technique, and use can be made of common 
means such as the sputtering technique or vacuum 
evaporation coating (vacuum deposition) technique. 
5 The golden hard coating formed by the dry plating 

method can be constituted of a nitride, carbide, oxide, 
nitrido-carbide or nitrido-carbido-oxide of any of the 
elements of Groups 4a, 5a and 6a of the periodic table 
(Ti, Zr, Hf , V, Nb, Ta, Cr, Mo and W) . 

10 When M represents an element of Group 4a, 5a or 6a 

of the periodic table and a nitride of M is represented 
by MNx, the smaller than 1 the value of x representing 
the degree of nitriding, the closer to light yellow the 
golden tone of the coating of the nitride MNx. On the 

15 other hand, the greater than 1 the value of x 

representing the degree of nitriding, the more reddish 
the golden color of the coating. When the value of x 
representing the degree of nitriding is in the range of 
0.9 to 1.1, a golden color close to the tone of gold or 

20 a gold alloy can be realized by the coating of the 
nitride MNx. In particular, when the value of x 
representing the degree of nitriding satisfies x = 1, 
the coating of the nitride MNx is not only a hard 
coating with satisfactory hardness but also exhibits a 
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golden color most close to the tone of gold or a gold 
alloy. 

With respect to the carbide, oxide, nitrido- 
carbide or nitrido-carbido-oxide of element M of Group 
5 4a, 5a or 6a of the periodic table as well, the coating 
thereof can be endowed with a golden color most close 
to the tone of gold or a gold alloy by controlling the 
degree of carbonization, oxidation or nitriding so as 
to fall within a given range. 

10 The TiN coating and a ZrN coating are especially 

preferred because these are not only hard coatings with 
satisfactory hardness but also exhibit a golden color 
most close to the tone of gold or a gold alloy. 

When the thickness of the coating of the nitride 

15 MNx is extremely small, the coating cannot have 

effective resistances to" wear, corrosion and scratch. . 
On the other hand, when the thickness is extremely 
large, the time required for coating formation is 
prolonged to unfavorably increase coating cost. 

20 Accordingly, the thickness of the coating of the 

nitride MNx is preferably controlled so as to fall 
within the range of 0.1 to 10 um, still preferably 0.2 
to 5 fim. 
Example A2 
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A hard coating with a tone different from that of 
Example Al was formed on the band pieces furnished with 
carburized layers in the same manner as in Example Al . 
Referring to Fig. 2, TiC coating 4 constituted of 
5 titanium carbide, as a hard coating with white tone, 
was formed by a dry plating technique on carburized 
layer 2 formed at a surface of band piece 1. 

According to the ion plating technique being a dry 
plating technique, titanium was evaporated in an 
10 ethylene gas atmosphere, and TiC coating 4 was formed 
on a surface of band piece 1. Other coating conditions 
were the same as in Example Al . 

The thus obtained wristwatch bands, by virtue of 
the formation of TiC coating 4, exhibited homogeneous 
15 white tone. This enabled enhancing the ornamental 
value of the wristwatch bands. 

The surface hardness (HV) of the band pieces 1 
covered with the TiC coating 4 reached 800 under a load 
of 50 g. The band pieces 1 covered with the TiC 
20 coating 4 had excellent resistances to wear, corrosion 
and scratch. 

The scratch resistance of the band pieces 1 having 
undergone surface hardening ( carburization) was 
increased by the above formation of the TiC coating 4 
25 which was harder than the carburized layer 2. 
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Example A3 

A carbon hard coating as a hard coating with black 
tone was formed on the band pieces furnished with 
carburized layers in the same manner as in Example Al . 
5 The carbon hard coating, because of having excellent 
characteristics similar to those of diamond, is widely 
known as diamondlike carbon (DLC) . 

Referring to Fig. 3, black carbon hard coating 5 
was formed by a dry plating technique on carburized 
10 layer 2 formed at a surface of band piece 1. 

The method of forming the carbon hard coating 5 
was, for example, as follows. 

First, wristwatch band furnished with carburized 
layer 2 was rinsed with an organic solvent such as 
15 isopropyl alcohol and disposed in a vacuum apparatus. 
According to the radio-frequency plasma CVD technique, 
2 jam thick carbon hard coating 5 was formed on the 
carburized layer 2 under the following conditions: 

[coating conditions] 
20 gas species: methane gas, 

coating pressure: 0.1 Torr, 

high-frequency power: 300 watt, and 

coating rate: 0.1 |_un per minute. 
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As a result, the carbon hard coating 5 was formed 
on the carburized layer 2 with high adherence 
therebetween . 

The thus obtained wristwatch bands, by virtue of 
5 the formation of carbon hard coating 5, exhibited 
homogeneous black tone. This enabled enhancing the 
ornamental value of the wristwatch bands. 

The surface hardness (HV) of the band pieces 1 
covered with the carbon hard coating 5 reached 3000 to 
10 5000. The scratch resistance of the band pieces 1 

having undergone surface hardening (carburization) was 
increased by the above formation of the carbon hard 
coating 5 which was harder than the carburized layer 2. 
The thickness of the carbon hard coating 5 was 
15 preferably controlled so as to fall within the range of 
0.1 to 5 um,.. still preferably 0.5 to 3 um. 

The formation of carbon hard coating 5 can be 
accomplished by, besides the above RFP-CVD technique, 
various gas-phase coating methods such as the DC plasma 
20 CVD technique and the ECR technique. Alternatively, 
physical evaporation coating methods such as the ion 
beam technique, the sputtering technique and the ion 
plating technique may be employed. 

Moreover, referring to Fig. 4, it is preferred to 
25 provide intermediate layer coating 6 between the 
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carburized layer 2 and the carbon hard coating 5, 
because the adherence of the carbon hard coating 5 to 
the surface of the band piece 1 is increased. 

The method of forming the intermediate layer 
5 coating 6 was, for example, as follows. 

Ti coating 6a with a thickness of 0.1 um was 
formed on the carburized layer 2 by a dry plating 
method, for example, the sputtering technique. Further, 
Si coating 6b with a thickness of 0.3 um was formed on 

10 the Ti coating 6a by the sputtering technique. 

Thereafter, the carbon hard coating 5 with a 
thickness of 2 um was formed on the Si coating 6b by, 
for example, the radio-frequency plasma CVD technique 
under the aforementioned conditions. 

15 The above Ti coating 6a can be replaced by a 

chromium (Cr) coating. The above Si coating 6b can be, 
replaced by a germanium (Ge) coating. 

The intermediate layer (coating) may be 
constituted of a single layer of a carbide of Group IVa 

20 or Va metal, in place of the above laminate coating. 
In particular, a coating of a titanium carbide 
containing excess carbon is preferred from the 
viewpoint of a high adherence strength to the carbon 
hard coating. 

25 Example A4 
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A hard coating with golden tone was formed on part 
of a surface of each of the band pieces furnished with 
carburized layers in the same manner as in Example Al . 

Referring to Fig. 7, TiN coating 7 constituted of 
5 titanium nitride, as a hard coating with golden tone, 
was formed by the ion plating technique being a dry 
plating technique on part of a surface of band piece 1. 

The method of forming the golden TiN coating 7 on 
a part of surface will be described below. 
10 First, referring to Fig. 5, desired part of each 

of respective surfaces of band pieces 1 furnished with 
carburized layers 2 was printed with an organic masking 
agent, or masking ink, of epoxy resin to form masking 
layer 8. 

15 Subsequently, the band pieces 1 having the masking 

layer 8 formed thereon were rinsed with an organic 
solvent such as isopropyl alcohol and disposed in an 
ion plating apparatus. 

Common ion plating apparatus can be employed, so 

20 that a description and drawing with respect to the ion 
plating apparatus will be omitted herein. 

The ion plating apparatus was exhausted to 1.0 x 
10~ 5 Torr, and thereafter an argon gas as an inert gas 
was introduced therein up to 3.0 x 10 -3 Torr. Then, a 

25 thermionic filament and a plasma electrode disposed 
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inside the ion plating apparatus were operated to 
produce argon plasma. Simultaneously, a voltage of -50 
V was applied to each of the band pieces 1, and a 
bombardment cleaning thereof was performed for 10 min. 
5 The introduction of argon gas was discontinued, 

and a nitrogen gas was introduced in the ion plating 
apparatus up to 2.0 x 10"^ Torr. Subsequently, plasma 
was produced by means of a plasma gun disposed inside 
the ion plating apparatus. In the plasma, titanium was 

10 evaporated for 10 min, so that, referring to Fig. 6, 
TiN coating 7 was formed on the surface of each of 
respective hardened layers 2 of band pieces 1 and TiN 
coating 7a on the surface of the masking layer 8, both 
with a total coating thickness of 0.5 um. 

15 The masking layer 8 was swelled with the use of 

ethyl methyl., ketone (EMK) or a stripping solution 
obtained by adding formic acid and hydrogen peroxide to 
ethyl methyl ketone (EMK) , and the masking layer 8 and 
the TiN coating 7a superimposed thereon were stripped 

20 off by the liftoff method. 

Thus, there were obtained band pieces having parts 
covered with the TiN coating 7 to exhibit golden tone 
and parts not covered with any TiN coating to exhibit 
silvery white of stainless steel, as shown in Fig. 7. 
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This enabled enhancing the ornamental value of the 
wristwatch bands. 

As masking means, use can be made of mechanical 
masking means in place of the providing of chemical 

5 masking layer described in this Example. That is, 

masking can be accomplished by covering arbitrary parts 
of band pieces with metallic caps before the formation 
of titanium nitride (TiN) coating and removing the 
metallic caps after the formation of titanium nitride 

10 coating. When this masking means is employed, no 

titanium nitride coating is formed on parts of band 
pieces covered with the metallic caps, while a titanium 
nitride coating is formed on parts of band pieces not 
covered with the metallic caps. 

15 In this Example, although the titanium nitride 

coating was employed as the hard coating formed on., 
parts of surfaces of band pieces 1, the golden hard 
coating formed by the dry plating method can also be 
constituted of a nitride, carbide, oxide, nitrido- 

20 carbide or nitrido-carbido-oxide of any of the elements 
of Groups 4a, 5a and 6a of the periodic table, as 
mentioned in Example Al . 

In particular, when the titanium carbide coating 
employed in Example A2 is formed on parts of surfaces 

25 of band pieces 1, there can be obtained band pieces 



86 



having parts covered with the titanium carbide coating 
to exhibit white tone and parts not covered with any 
titanium carbide coating to exhibit silvery white of 
stainless steel. 
5 Alternatively, when the carbon hard coating 

employed in Example A3 is formed on parts of surfaces 
of band pieces 1, there can be obtained band pieces 
having parts covered with the carbon hard coating to 
exhibit black tone and parts not covered with any 
10 carbon hard coating to exhibit silvery white of 
stainless steel. 
Example A5 

A hard coating with golden tone was formed on the 
surface of band pieces furnished with carburized layers 

15 in the same manner as in Example Al . Further, a gold 
alloy coating was formed on the golden hard coating.. 

Referring to Fig. 8, TiN coating 9 constituted of 
titanium nitride, as a hard coating with golden tone, 
was formed by the ion plating technique being a dry 

20 plating technique on the surface of band piece 1 

furnished with carburized layer 2. Gold-titanium alloy 
coating 10 as a gold alloy coating was formed on the 
TiN coating 9. 
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The method of forming the TiN coating 9 and gold- 
titanium alloy coating 10 of this Example will be 
described below. 

First, bands furnished with carburized layers 2 
5 were rinsed with an organic solvent such as isopropyl 
alcohol and disposed in an ion plating apparatus. 
Common ion plating apparatus can be employed, so that a 
description and drawing with respect to the ion plating 
apparatus will be omitted herein. 
10 The ion plating apparatus was exhausted to 1.0 x 

10~ 5 Torr, and thereafter an argon gas as an inert gas 
was introduced therein up to 3.0 x 10 -3 Torr. 

Then, a thermionic filament and a plasma electrode 
disposed inside the ion plating apparatus were operated 
15 to produce argon plasma. Simultaneously, a voltage of 
-50 V was applied to each of. the band pieces 1, and a 
bombardment cleaning thereof was performed for 10 min . 

Subsequently, plasma was produced by means of a 
plasma gun disposed inside the ion plating apparatus. 
20 In the plasma, titanium was evaporated for 10 min, so 
' that 0.5 urn thick TiN coating 9 was formed on the 
entire surface of band pieces 1. 

Thereafter, the evaporation of titanium and the 
introduction of argon gas were discontinued, and the 
25 ion plating apparatus was exhausted to 1.0 x 10 -5 Torr. 
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An argon gas was introduced in the ion plating 
apparatus up to 1.0 x 10~ 3 Torr, and plasma was 
produced. In the plasma, a gold-titanium mixture 
consisting of 50 atomic % of gold and 50 atomic % of 
5 titanium was evaporated, thereby forming gold-titanium 
alloy coating 10. When the thickness of gold-titanium 
alloy coating 10 became 0.3 jam, the evaporation of the 
gold-titanium mixture was terminated. 

The thus obtained band pieces exhibited 

10 homogeneous golden tone. This enabled enhancing the 

ornamental value of the wristwatch bands. Further, the 
formation of gold-titanium alloy coating 10 as an 
outermost layer coating enabled obtaining wristwatch 
bands which exhibited golden tone having greater warmth 

15 than that of the TiN coating 9. This enabled lending 
enhanced beauty to the wristwatch bands. 

Generally, the gold alloy coating per se cannot 
have effective resistances to wear, corrosion and 
scratch unless the thickness thereof is greater than 10 

20 urn. Gold is a very expensive metal. Therefore, 

increasing the thickness of the gold alloy coating 
invites an extreme increase of coating cost. However, 
in this Example, the hard TiN coating was provided 
under the outermost layer coating constituted of a gold 

25 alloy. This TiN coating has excellent resistances to 
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wear, corrosion and scratch, so that the outermost 
layer coating constituted of a gold alloy can be 
thinned. Accordingly, in this Example, there is such 
an advantage that the usage of expensive gold can be 
5 reduced by the sequential formation of TiN coating and 
thin gold alloy coating, thereby enabling lowering 
coating cost. 

Although the thin formed outermost layer coating 
constituted of a gold alloy might be partially worn to 

10 expose the underlying TiN coating, any partial wearing 
of the outermost layer coating would never be 
conspicuous. The reason is that the TiN coating has 
the same optical characteristics as gold and exhibits 
golden tone. Even if the outermost layer coating 

15 constituted of a gold alloy with golden tone is 

partially worn, the underlying TiN ,coating with the . . _ 
same golden tone is exposed there. Therefore, even if 
the outermost layer coating constituted of a gold alloy 
is thinned, the wearing is not visible to enable 

20 maintaining the beauty of wristwatch bands as a 

personal ornament and the ornamental value thereof. 

In this Example, although the titanium nitride 
coating was employed as the hard coating, the golden 
hard coating formed by the dry plating method can also 

25 be constituted of a nitride, carbide, oxide, nitrido- 
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carbide or nitrido-carbido-oxide of any of the elements 
of Groups 4a, 5a and 6a of the periodic table. 

The gold alloy coating can be, besides the above 
gold-titanium alloy coating, a coating constituted of 
5 an alloy of gold and at least one metal selected from 
the group consisting of Al, Si, V, Cr, Fe, Co, Ni, Cu, 
Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, 
Ta, W, Ir and Pt . 

However, when personal ornaments covered with 

10 coatings of some gold alloys selected from among the 
above combinations are brought into contact with the 
skin, metal ions may be leached by an electrolytic 
solution such as sweat and have a possibility for 
causing metal allergy when contacted with human skin 

15 equipped with the personal ornaments. In particular, 
leached nickel ions are known, as the metal ion for 
which the greatest number of metal allergy cases are 
reported. In contrast, iron is the metal for which the 
number of metal allergy cases is extremely small. No 

20 metal allergy case has been reported with respect to 
titanium. Therefore, from the viewpoint of metal 
allergy, it is preferred that the gold alloy coating as 
the outermost layer coating be constituted of a gold- 
iron alloy or a gold-titanium alloy. 

25 Example A6 
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The gold alloy coating described in Example A5 may 
further be formed only on the hard coating with golden 
tone partially formed on the surface of band pieces 
furnished with carburized layers as described in 
5 Example A4 . 

The method of partially forming TiN coating 11 
constituted of titanium nitride as a hard coating with 
golden tone and gold-titanium alloy coating 12 as a 
gold alloy coating will be briefly described with 
10 reference to Figs. 9 and 10. 

First, referring to Fig. 9, desired part of each 
of respective surfaces of band pieces 1 furnished with 
carburized layers 2 was printed with an organic masking 
agent, or masking ink, of epoxy resin to form masking 
15 layer 8 . 

-Sub-se-quantly, the band -pieces 1 having the masking 
layer 8 formed thereon were rinsed with an organic 
solvent such as isopropyl alcohol and disposed in an 
ion plating apparatus . 
20 According to the ion plating technique being a dry 

plating technique, TiN coating 11, 11a was formed on 
the surface of carburized layers 2 of band pieces 1 and 
the surface of the masking layer 8 so that the total 
coating thickness became 0.5 urn. Thereafter, 0.3 um 
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thick gold-titanium alloy coating 12, 12a was formed on 
the TiN coating^ 11, 11a. 

The masking layer 8 was swelled with the use of 
ethyl methyl ketone (EMK) or a stripping solution 
obtained by adding formic acid and hydrogen peroxide to 
ethyl methyl ketone (EMK) , and the masking layer 8 and 
the TiN coating 11a and gold-titanium alloy coating 12a 
superimposed thereon were stripped off by the liftoff 
method . 

Thus, there were obtained wristwatch bands having 
parts covered with the TiN coating 11 and gold-titanium 
alloy coating 12 to exhibit golden tone and parts not 
covered with such coatings to exhibit silvery white of 
stainless steel, as shown in Fig. 10. 

In this Example, as mentioned in Example A5, use 

.can be .raade.of various hard coatings other than„the 

titanium nitride coating. Also, use can be made of 
various gold alloy coatings other than the gold- 
titanium alloy coating. 
Example A 7 

The first hard coating was formed on the surface 
of band pieces furnished with carburized layers in the 
same manner as in Example Al. Further, the second hard 
coating with tone different from that of the first hard 
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coating was formed on part of the surface of the first 
hard coating. 

Referring to Fig. 11, golden tone TiN coating 3 
constituted of titanium nitride as the first hard 
5 coating was formed on the surface of band pieces 1 

furnished with carburized layers 2 in the same manner 
as in Example Al . Masking layer 13 was formed on 
desired part of the surface of the TiN coating 3 by, 
for example, printing with an organic masking agent, or 

10 masking ink, of epoxy resin. 

Subsequently, referring to Fig. 12, white tone TiC 
coating 14 constituted of titanium carbide as the 
second hard coating was formed on the surface of the 
TiN coating 3, and the TiC coating 14a on the surface 

15 of the masking layer 13, in the same manner as in 

Example A2 . - .. ■-- - 

Thereafter, the masking layer 13 was swelled with 
the use of a stripping solution, and the masking layer 
13 and the TiC coating 14a superimposed thereon were 

20 stripped off by the liftoff method. 

Thus, there were obtained band pieces having parts 
exhibiting white tone of the TiC coating 14 
superimposed on the surface of golden TiN coating 3 and 
parts exhibiting golden tone of the TiN coating 3, as 

25 shown in Fig. 13. This enabled enhancing the 
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ornamental value of the wristwatch bands. Further, the 
scratch resistance of the surface-hardened (carburized) 
band pieces 1 was increased by the superimposition of 
the TiN coating 3 and TiC coating 14 harder than the 
5 carburized layers 2. 

In this Example, as in Example A5 , use can be made 
of various hard coatings other than the titanium 
nitride and titanium carbide coatings. Also, either of 
the first hard coating and the second hard coating can 

10 be replaced by the carbon hard coating of Example A3. 
The types of masking layer 13 and stripping solution 
can appropriately be selected in conformity with the 
type of such coatings . 

When M represents an element of Group 4a, 5a or 6a 

15 of the periodic table and a nitride of M is represented 
by MNx,. both. .the. .first, hard coating and the second hard 
coating can be constituted of MNx. If the first hard 
coating and the second hard coating are constituted so 
that the value of x representing the degree of 

20 nitriding of the former is different from that of the 
latter, the tone of the first hard coating can be 
differentiated from that of the second hard coating. 
This is true with respect to the carbide, oxide, 
nitrido-carbide and nitrido-carbido-oxide as well. 

25 Example A8 
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The first hard coating was formed on part of the 
surface of band pieces furnished with carburized layers 
in the same manner as in Example Al . Further, the 
second hard coating with tone different from that of 

5 the first hard coating was formed on other part of the 
surface of band pieces. 

Referring to Fig. 14, golden tone TiN coating 7 
constituted of titanium nitride as the first hard 
coating was formed on part of the surface of band 

10 pieces 1 furnished with carburized layers 2 in the same 
manner as in Example A4 . Masking layer 15 was formed 
on the surface of the TiN coating 7 and desired part of 
the surface of band pieces 1 continuing therefrom. 

Subsequently, referring to Fig. 15, white tone TiC 

15 coating 16 constituted of titanium carbide as the 
second -hard coating was formed on the TiN coating 
the masking layer 15 and remaining part of the surface 
of band pieces 1, in the same manner as in Example A2 . 
Thereafter, the masking layer 15 was swelled with 

20 the use of a stripping solution, and the masking layer 
15 and the TiC coating 16 superimposed thereon were 
stripped off by the liftoff method. 

Thus, there were obtained triple color band pieces 
having parts covered with the TiN coating 7 to exhibit 

25 golden tone, parts covered with the TiC coating 16 to 
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exhibit white tone and parts where the surface of band 
pieces 1 is exposed, as shown in Fig. 16. This enabled 
enhancing the ornamental value of the wristwatch bands. 
Selection of the first hard coating and second 

5 hard coating and selection of the stripping solution 
and masking layer are the same as described in Example 
A7 . The same gold alloy coating as described in 
Example A5 may be formed on either or both of the first 
hard coating and the second hard coating. 

10 Although the ion plating technique was employed as 

the dry plating method in the above Examples A2 and A4 
to A8 , use can be made of other common coating forming 
methods such as the sputtering technique and vacuum 
evaporation coating technique. 

15 In all the above Examples, the invention was 

described with reference to band pieces for wristwatch 
bands. However, the present invention is also 
applicable to items for accommodating mechanical or 
electronic driving mechanism, such as a wristwatch 

20 casing. Still further, the present invention is 

applicable to all other decorative items (including 
components thereof) . 

[Examples relating to the exterior part of 
timepiece according to the present invention and the 

25 process for producing the same] 
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Example Bl 

A base material of austenitic stainless steel SUS 
316 was shaped by hot forging, cold forging, cutting 
and drilling into wristwatch band pieces. 

5 A plurality of band pieces were rotatably 

connected to each other by inserting connecting parts 
in pinholes provided by drilling in each of the band 
pieces. The surface of the thus connected band pieces 
was buffed or otherwise polished so as to become 

10 specular. Thus, wristwatch bands were completed. 

In each wristwatch band comprising a large number 
of band pieces connected to each other, some of the 
band pieces are those wherein each is separable from 
neighboring band pieces so as to enable regulating the 

15 band length in conformity with the size of the wrist of 
the wear_er,__i.,_e J ^_b.and_ pieces _ for length regulation. 
The band pieces other than the length regulation band 
pieces are those which are connected to each other so 
that each is not easily separable from neighboring band 

20 pieces. As the connecting parts, use was made of 

connecting parts for connecting length regulation band 
pieces to each other (length regulation pins) and 
connecting parts for connecting other band pieces to 
each other (connecting pins, split pipes and knurled 

25 pins ) . 
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The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

5 into the muffle furnace for 15 min. Thus, the 

wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 

furnace. While blowing a carburizing gas (mixed gas 

consisting of 10% by volume of CO, 20% by volume of H 2 , 
10 1% by volume of C0 2 and 69% by volume of N 2 ), the 

wristwatch bands were held in the muffle furnace at 

480°C for 12 hr, thereby carburizing the wristwatch 

bands. The wristwatch bands were taken out from the 

muffle furnace. 
15 Formation of mill scale was observed on the 

surface of the wristwatch bands having been carburized 

and taken out. 

The wristwatch bands were immersed in an acid 

aqueous solution containing 3 to 5% by volume of 
20 ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
25 was removed. Further, no mill scale was observed on 
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interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting parts for connecting band 
pieces to each other, in particular, connecting pins, 
split pipes and length regulation pins. 

5 However, the surface of band pieces, namely the 

surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 
The pickled wristwatch bands were rinsed. 

10 The rinsed wristwatch bands were disposed inside a 

barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 

15 removing rough faces formed on the outermost surface of 
the carburized layer of band .pieces. As. a result of. 
this barrel polishing, a region of the carburized layer 
extending from the surface thereof to a depth of 1 to 2 
urn was removed, and the surface of band pieces, namely 

20 the outermost surface of the carburized layer, became 
specular . 

The wristwatch bands with a specular surface, 
obtained by the above processing, was excellent in 
scratch resistance and maintained the same excellent 
25 corrosion resistance as inherently possessed by SUS 316. 
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In the above process, because a large number of band 
pieces were collected and formed into each wristwatch 
band before being subjected to the above processing 
steps, labor and time consumed in the processing were 

5 reduced, thereby enabling lowering processing cost. 

The connecting parts were also carburized so that 
a hard carburized layer was formed in a region of each 
of the connecting parts extending from the surface 
thereof to a depth of tens of microns (urn) . As a 

10 result, the hardness of the connecting parts was 

increased, so that bending or breakage of connecting 
pins and length regulation pins was seldom, even when 
the wristwatch band was stretched along the length 
thereof . 

15 In this Example Bl, because a large number of band 

pieces were '.collected .and . formed into .each wristwatch 
band before being subjected to the f luorination, gas 
carburizing, pickling, rinsing and barrel polishing, 
handling of the band pieces in these processing steps 

20 was easy to realize a high productivity. 
Example B2 

Wristwatch bands were produced in the same manner 
as in Example Bl, except that, before the f luorination, 
a multiplicity of hairlines were formed along the band 
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length on outer surfaces (when worn round the wrist, 
surfaces arranged outside) of band pieces. 

The resultant wristwatch bands had hairline- 
finished surfaces, which were excellent in scratch 
5 resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Example B3 

Bezels finished so as to have a specular surface 
were produced in the same manner as in Example Bl, 

10 except that the wristwatch bands were replaced by 
bezels for wristwatch. 

The resultant bezels were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 

15 Exam ple B4 

Casings finished "so as to, have a specular surface 
were produced in the same manner as in Example Bl, 
except that the wristwatch bands were replaced by 
casings for wristwatch. 

20 The resultant casings were excellent in scratch 

resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Example B5 

Back lids finished so as to have a specular 
25 surface were produced in the same manner as in Example 
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Bl, except that the wristwatch bands were replaced by 
back lids for wristwatch. 

The resultant back lids were excellent in scratch 
resistance and maintained the same excellent corrosion 
5 resistance as inherently possessed by SUS 316. 
Example B6 

Dials finished so as to have a specular surface 
were produced in the same manner as in Example Bl, 
except that the wristwatch bands were replaced by dials 
10 for wristwatch. 

The resultant dials were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 



15 [Examples relating to the other form of exterior 

part of timepiece according to the_ present invention 
and the process for producing the same] 
Example CI 

A rodlike material of austenitic stainless steel 
20 SUS 316 was provided. The rodlike material had a 
rounded rectangular section conforming to the 
morphology of wristwatch band pieces. The rodlike 
material was sliced at intervals conforming to band 
piece widths. 
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Pinholes for insertion of connecting pins were 
drilled in the obtained slices, thereby completing band 
pieces for wristwatch bands. 

A plurality of band pieces were rotatably 
5 connected to each other by inserting connecting pins in 
pinholes provided by drilling in each of the band 
pieces, thereby assembling wristwatch bands. 

Upper rounded surface (when worn round the wrist, 
outer surface arranged outside) of each of the band 
10 pieces of wristwatch bands was buffed. 

A section of the buffed upper surface portion of 
band pieces was observed through an electron microscope. 
As a result, it was recognized that metal crystal 
grains of the stainless steel surface portion were 
15 drawn in the direction of buff rotation by the external 
force applied by buffing;, thereby creating a fibrous 
structure of metal crystal grains deformed in fibrous 
form. A deformed layer including this fibrous 
structure was formed so as to extend from the upper 
20 surface of band pieces to a depth of 3 to 7 (Jin. 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 
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into the muffle furnace for 15 min. Thus, the 
wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 
furnace. While blowing a carburizing gas (mixed gas 
5 consisting of 10% by volume of CO, 20% by volume of H 2 , 
1% by volume of CC>2 and 69% by volume of N2), the 

wristwatch bands were held in the muffle furnace at 

480°C for 12 hr, thereby carburizing the wristwatch 

bands. The wristwatch bands were taken out from the 
10 muffle furnace. 

Formation of mill scale was observed on the 

surface of the wristwatch bands having been carburized 

and taken out. 

The wristwatch bands were immersed in an acid 
15 aqueous solution containing 3 to 5% by volume of 

ammonium fluoride and 2 to 3% by volume of nitric acid 

for 20 min. 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
20 oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 
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However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 
5 The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 

10 performed over a period of about 10 hr, thereby 

removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 

15 to a depth of 0.3 to 1 pm was removed, and the upper 
surface of band pieces became a smooth beautiful . 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to' minute unevenness was not visible at all. 

20 Observation of a section of band pieces after the 

barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 18 
to 20 ytm. 

25 Example C2 
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Cylinders of austenitic stainless steel SUS 316 
were provided. The cylinders were cold forged into the 
configuration of wristwatch band pieces in such a 
manner that an external force is applied along the 
5 central axis passing through the center of a circular 
section of the cylinders. 

Pinholes for insertion of connecting . pins were 
drilled in the thus forged members, thereby completing 
band pieces for wristwatch bands. 
10 A plurality of band pieces were rotatably 

connected to each other by inserting connecting pins in 
pinholes provided by drilling in each of the band 
pieces, thereby assembling wristwatch bands. 

Upper surface (when worn round the wrist, outer 
15 surface arranged outside) of each of the band pieces of 
.wristwatch bands was burnished, into a planar specular 
surface. Specifically, each wristwatch band was fixed 
on the circumferential surface of a rotary wheel so 
that the upper surface of the wristwatch band was 
20 arranged outside. The rotary wheel was -rotated, and a 
diamond tool mounted on the rotary wheel was pressed to 
the upper surface of the wristwatch band. 

A section of the burnished upper surface portion 
of band pieces was observed through an electron 
25 microscope. As a result, it was recognized that metal 
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crystal grains of the stainless steel surface portion 
were drawn in the direction of rotary wheel rotation by 
the external force applied by burnishing, thereby 
creating a fibrous structure of metal -crystal grains 
5 deformed in fibrous form. A deformed layer including 
this fibrous structure was formed so as to extend from 
the upper surface of band pieces to a. depth of 5 to 10 
Jim. 

The wristwatch bands were placed in a metallic 
10 muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF2 and 95% by volume of N2) was blown 

into the muffle furnace for 15 min. Thus, the 
wristwatch bands were fluorinated. 

15 The fluorogas was discharged from the muffle 

furnace.- While blowing a carburizing gas (.mixed gas 
consisting of 10% by volume of CO, 20% by volume of H2 , 
1% by volume of CO2 and 69% by volume of N2) , the 
wristwatch bands were held in the muffle furnace at 

20 480°C for 12 hr, thereby carburizing the wristwatch 
bands. The wristwatch bands were taken out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 

25 and taken out. 
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The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

5 As a result of this pickling, iron contained in 

the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
10 inside walls, and connecting pins for connecting band 
pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
15 caused by the immersion in the acid aqueous solution. 
The pickled wristwatch bands were rinsed. 
The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
20 placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
25 the carburized layer extending from the surface thereof 
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to a depth of 0.5 to 1.5 urn was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
5 attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 18 
10 to 20 um. 
Example C3 

Wristwatch bands were assembled in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 
15 wristwatch bands was planed by cutting operation and 
further- buffed into a specular surface. 

A section of the resultant upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that, in 
20 the same manner as in Example CI, metal crystal grains 
of the stainless steel surface portion were drawn in 
the direction of buff rotation by the external force 
applied by buffing, thereby creating a fibrous 
structure of metal crystal grains deformed in fibrous 
25 form. A deformed layer including this fibrous 
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structure was formed so as to extend from the upper 
surface of band pieces to a depth of 3 to 6 urn. 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
5 to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N2 ) was blown 

into the muffle furnace for 15 min. Thus, the 
wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 

10 furnace. While blowing a carburizing gas (mixed gas 

consisting of 10% by volume of CO, 20% by volume of H 2 , 
1% by volume of C0 2 and 69% by volume of N 2 ), the 
wristwatch bands were held in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 

15 bands . The wristwatch bands were taken out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out. 

20 The wristwatch bands were immersed in an acid 

aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
25 the mill scale formed on the surface of band pieces was 



oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
5 pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

10 The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 

15 performed over a period of about 10 hr, thereby 

removing rough faces formed on .the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 

20 to a depth of 1 to 2 pin was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 
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Observation of a section of band pieces after the 
barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 20 
5 to 25 urn. 
Example C4 

Wristwatch bands were assembled in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 
10 wristwatch bands was planed into a specular surface by- 
grinding means with a reduced grinding power. 
Specifically, the upper surface of wristwatch band was 
pressed to a grinding (emery) wheel being rotated, so 
that the upper surface of band pieces was ground by the 
15 abrasive grains of the grinding wheel. 

The upper, .surface of band pieces was further 
buffed so as to obtain a desirable specular surface. 

A section of the resultant upper surface portion 
of band pieces was observed through an electron 
20 microscope. As a result, it was recognized that, in 

the same manner as in Example CI, metal crystal grains 
of the stainless steel surface portion were drawn in 
the direction of rotation of grinding wheel and buff by 
the external force applied by the grinding and buffing, 
25 thereby creating a fibrous structure of metal crystal 
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grains deformed in fibrous form. A deformed layer 
including this fibrous structure was formed so as to 
extend from the upper surface of band pieces to a depth 
of 7 to 12 urn. 
5 The wristwatch bands were placed in a metallic 

muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF2 and 95% by volume of N2) was blown 

into the muffle furnace for 15 min. Thus, the 

10 wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 
furnace. While blowing a carburizing gas (mixed gas 
consisting of 10% by volume of CO, 20% by volume of H2, 
1% by volume of C0 2 and 69% by volume of N 2 ) , the 

15 wristwatch bands were held in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 
bands. The wristwatch bands were taken out from the 
muffle furnace. 

Formation of mill scale was observed on the 

20 surface of the wristwatch bands having been carburized 
and taken out. 

The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 

25 for 20 min. 
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As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
5 interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
10 carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
15 chips and alumina abrasive as polishing mediums were 
placed in. the barrel tassel. A barrel- .polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 
20 As a result of this barrel polishing, a region of 

the carburized layer extending from the surface thereof 
to a depth of 1.5 to 2.5 urn was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
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timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an electron microscope showed 
5 that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 15 
to 20 um. 

In this Example C4, not only planing of the upper 
surface of band pieces into a specular surface but also 

10 converting of metal crystal grains lying in the 

vicinity of band piece surface to the fibrous structure 
can be accomplished by grinding means with a reduced 
grinding power, thereby enabling reducing the number of 
production process steps. Therefore, the employment of 

15 this grinding means enables lowering production cost. 

Example. C5 . . . . _ 

Wristwatch bands were assembled in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 

20 wristwatch bands was planed into a specular surface by 
grinding means with a reduced grinding power. 
Specifically, the upper surface of wristwatch band was 
pressed to a grinding (emery) wheel being rotated, so 
that the upper surface of band pieces was ground by the 

25 abrasive grains of the grinding wheel. 



116 



A section of the resultant upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that metal 
crystal grains of the stainless steel surface portion 
5 were drawn in the direction of rotation of grinding 

wheel with a reduced grinding power, thereby creating a 
fibrous structure of metal crystal grains deformed in 
fibrous form. A deformed layer including this fibrous 
structure was formed so as to extend from the upper 
10 surface of band pieces to a depth of 2 to 5 um. 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF2 and 95% by volume of N2) was blown 

15 into the muffle furnace for 15 min. Thus, the 

wristwatch bands were f luorinated „ .... . 

The fluorogas was discharged from the muffle 
furnace. While blowing a carburizing gas (mixed gas 
consisting of 10% by volume of CO, 20% by volume of H 2 , 

20 1% by volume of CO2 and 69% by volume of N2), the 

wristwatch bands were held in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 
bands. The wristwatch bands were taken out from the 
muffle furnace. 
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Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out. 

The wristwatch bands were immersed in an acid 
5 aqueous solution containing 3 to 5% by volume of 

ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 

10 oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 

15 However, the surface of band pieces, namely the 

surface of the carburized --layer -formed by the - 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 
The pickled wristwatch bands were rinsed. 

20 The rinsed wristwatch bands were disposed inside a 

barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
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removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 

5 to a depth of 1 to 2 p was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 

10 Observation of a section of band pieces after the 

barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 20 
to 30 urn. 

15 In this Example C5, not only planing of the upper 

surface of band pieces into a specular surface bat also . 
converting of metal crystal grains lying in the 
vicinity of band piece surface to the fibrous structure 
can be accomplished by grinding means with a reduced 

20 grinding power, thereby enabling reducing the number of 
production process steps. Therefore, the employment of 
this grinding means enables lowering production cost. 
Example C6 

Cylinders of austenitic stainless steel SUS 316 
25 were provided. The cylinders were cold forged into 



119 



ring members in such a manner that an external force is 
applied along the central axis passing through the 
center of a circular section of the cylinders. 

Each of the inner and outer boundary dimensions of 
5 the thus forged ring members were adjusted to desired 
one by cutting operation. 

Upper surfaces of the resultant ring members were 
buffed to complete bezels with a specular upper surface. 

A section of the buffed bezels was observed 
10 through an electron microscope. As a result, it was 
recognized that metal crystal grains of the stainless 
steel surface portion were drawn in the direction of 
buff rotation by the external force applied by buffing, 
thereby creating a fibrous structure of metal crystal 
15 grains deformed in fibrous form. A deformed layer 

including this fibrous structure was formed so as-.to. - 
extend from the upper surface of bezels to a depth of 3 

tO 5 (JJTL. 

The bezels were placed in a metallic muffle 
20 furnace and heated. The temperature was raised to 

480°C, and a fluorogas (mixed gas consisting of 5% by 
volume of NF 2 and 95% by volume of N 2 ) was blown into 

the muffle furnace for 15 min. Thus, the bezels were 
f luorinated. 
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The fluorogas was discharged from the muffle 
furnace. While blowing a carburizing gas (mixed gas 
consisting of 10% by volume of CO, 20% by volume of H 2 , 
1% by volume of C0 2 and 69% by volume of N 2 ) , the 

5 bezels were held in the muffle furnace at 480°C for 12 
hr, thereby carburizing the bezels. The bezels were 
taken out from the muffle furnace. 

Formation of mill scale was observed on the 
surface of the bezels having been carburized and taken 

10 out. 

The bezels were immersed in an acid aqueous 
solution containing 3 to 5% by volume of ammonium 
fluoride and 2 to 3% by volume of nitric acid for 20 
min . 

15 As a result of this pickling, iron contained in 

the mill scale formed on the surface of bezels was. 
oxidized and diffused, so that most of the mill scale 
was removed. 

However, the surface of bezels, namely the surface 
20 of the carburized layer formed by the carburization, 

was roughened by the dissolution of iron caused by the 
immersion in the acid aqueous solution. 
The pickled bezels were rinsed. 

The rinsed bezels were disposed inside a barrel 
25 vessel of a barrel polishing apparatus. Walnut chips 
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and alumina abrasive as polishing mediums were placed 
in the barrel vessel. A barrel polishing was performed 
over a period of about 10 hr, thereby removing rough 
faces formed on the outermost surface of the carburized 

5 layer of bezels. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
to a depth of 1 to 2 urn was removed, and the upper 
surface of bezels became a smooth beautiful specular 

10 surface required for exterior parts of timepiece. On 
the upper surface, "orange peel" attributed to minute 
unevenness was not visible at all. 

Observation of a section of bezels after the 
barrel polishing through an electron microscope showed 

15 that the carburized layer was formed so as to extend 

from the upper surface aL bezels to a depth of 20 to 23 . 
jam. 
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1. A decorative item comprising: 

a basis material having a hardened layer extending 
from a surface thereof to an arbitrary depth wherein a 
5 solute atom is diffused so as to form a solid solution; 
and 

at least one hard coating disposed on a surface of 
the hardened layer of the basis material. 

10 2. The decorative item as claimed in claim 1, wherein 
the solute atom is at least one atom selected from the 
group consisting of carbon, nitrogen and oxygen atoms. 

3. The decorative item as claimed in claim 1, wherein 
15 the basis material is constituted of stainless steel, 
titanium._or. a titanium alloy. 

4. The decorative item as claimed in any of claims 1 
to 3, wherein the hard coating and the basis material 

20 at its surface exhibit respective tones which are 
different from each other. 

5. The decorative item as claimed in any of claims 1 
to 4, wherein the hard coating has a surface hardness 

25 greater than that of the basis material. 
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6. The decorative item as claimed in any of claims 1 
to 5, wherein the hard coating is constituted of a 
nitride, carbide, oxide, nitrido-carbide or nitrido- 
carbido-oxide of an element belonging to Group 4a, 5a 
or 6a of the periodic table. 

7. The decorative item as claimed in any of claims 1 
to 5, wherein the hard coating is a hard coating of 
carbon . 

8. The decorative item as claimed in claim 7, further 
comprising an intermediate layer disposed between the 
hard coating of carbon and a surface of the hardened 
layer of the basis material. 

9. The decorative item as. claimed _in claim__.8., . .wherein. . 
the intermediate layer comprises a lower layer of Ti or 
Cr disposed on the hardened layer surface of the basis 
material and an upper layer of Si or Ge disposed on a 
surface of the lower layer. 

10. The decorative item as claimed in any of claims 1 
to 7, wherein at least two hard coatings are formed on 
the hardened layer surface of the basis material. 
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11. The decorative item as claimed in any of claims 1 
to 7, wherein at least two hard coatings are laminated 
on the hardened layer surface of the basis material. 

12. The decorative item as claimed in any of claims 1 
to 10, wherein the hard . coating is disposed on portion 
of the hardened layer surface of the basis material. 

13. The decorative item as claimed in any of claims 1 
to 12, further comprising a gold alloy coating disposed 
on a surface of the hard coating. 

14. The decorative item as claimed in claim 13, 
wherein the gold alloy coating is constituted of an 
alloy of gold and at least one metal selected from the 
group consisting of Al,~S.i, V, Cr, Ti, Fe, Co, Ni, Cu, 
Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, 
Ta, W, Ir and Pt . 

15. The decorative item as claimed in any of claims 1 
to 14, which is an exterior part of timepiece. 

16. A process for producing a decorative item, 
comprising the steps of: 
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providing a basis material of stainless steel 
having a hardened layer extending from a surface 
thereof to an arbitrary depth wherein a solute atom is 
diffused so as to form a solid solution; and 
5 forming at least one hard coating on a surface of 

the hardened layer of the basis material. 

17. The process as claimed in claim 16, wherein the 
solute atom is at least one atom selected from the 

10 group consisting of carbon, nitrogen and oxygen atoms. 

18. The process as claimed in claim 16 or 17, wherein 
the decorative item is an exterior part of timepiece. 

15 19. An exterior part of timepiece, comprising a 
^stainless steel having at its surface a carburized 
layer wherein carbon is diffused so as to form a solid 
solution, 

wherein the carburized layer has a polished 
20 surface whose Vickers hardness (HV) is 500 or more. 

20. The exterior part of timepiece as claimed in claim 

19. wherein the polished surface is specular. 
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21. An exterior part of timepiece, comprising a 
stainless steel having at its surface a carburized 
layer wherein carbon is diffused so as to form a solid 
solution, 

5 wherein the carburized layer has a machined 

surface . 

22 . The exterior part of timepiece as claimed in claim 
21, wherein the machined surface has a Vickers hardness 

10 (HV) of 500 or more. 

23. The exterior part of timepiece as claimed in claim 
21 or 22, which is one produced by machining a surface 
of an exterior part of timepiece and thereafter 

15 carburizing the machined surface. 

24. A wristwatch band comprising a plurality of band 
pieces of stainless steel connected to each other, 

each of the band pieces having at its surface a 
20 carburized layer wherein carbon is diffused so as to 
form a solid solution, 

wherein the carburized layer has a polished 
surface whose Vickers hardness (HV) is 500 or more. 
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25. A wristwatch band comprising a plurality of band 
pieces of stainless steel connected to each other, 

each of the band pieces having at its surface a 
carburized layer wherein carbon is diffused so as to 
5 form a solid solution, 

wherein the carburized layer has a machined 
surface . 



26. The wristwatch band as claimed in claim 24 or 25, 
10 wherein the band pieces are connected to each other by 

means of connecting parts of stainless steel, 

each of the connecting parts having at at least 
portion of its surface a carburized layer wherein 
carbon is diffused so as to form a solid solution. 

15 

27. The wristwatch band as claimed in claim 24 or 25, 
produced by connecting the band pieces to each other by 
means of connecting parts, carburizing the band pieces 
and the connecting parts, and thereafter polishing 

20 surfaces of the band pieces. 

28. The wristwatch band as claimed in claim 27, which 
further comprises connecting parts having no carburized 
layer . 
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29. A process for producing a wristwatch band, 
comprising the steps of: 

connecting a plurality of band pieces of stainless 
steel to each other by means of a plurality of 
5 connecting parts of stainless steel; 

fluorinating the band pieces and the connecting 
parts in a fluorogas atmosphere at 400 to 500°C; 

gas carburizing the fluorinated band pieces and 
connecting parts in a carburizing gas atmosphere 
10 containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
parts, followed by rinsing; and 

subjecting surfaces of the band pieces to barrel 
polishing . 

15 

30. The process -as claimed in claim 29, which further 
comprises buffing the band piece surfaces having 
undergone barrel polishing. 

20 31. The process as claimed in claim 29 or 30, which 

further comprises machining surfaces of the band pieces 
connected by means of the connecting parts prior to the 
fluorination to obtain a wristwatch band having 
machined surfaces. 
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32. A process for producing a wristwatch band, 
comprising the steps of: 

fluorinating a plurality of band pieces of 
stainless steel and a plurality of connecting parts of 
stainless steel in a fluorogas atmosphere at 250 to 
600°C; 

gas carburizing the fluorinated band pieces and 
connecting parts in a carburizing gas atmosphere 
containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
parts, followed by rinsing; 

subjecting surfaces of the band pieces to barrel 
polishing; and 

connecting the band pieces by means of the 
connecting parts. 

33. The process as claimed in claim 32, which further 
comprises buffing the band piece surfaces having 
undergone barrel polishing. 

34. The process as claimed in claim 32 or 33, which 
further comprises machining surfaces of the plurality 
of band pieces prior to the fluorination to obtain a 
wristwatch band having machined surfaces. 
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35. A process for producing an exterior part of 
timepiece other than a wristwatch band, comprising the 
steps of : 

connecting a plurality of pieces of stainless 
5 steel to each other by means of a plurality of 

connecting parts of stainless steel to obtain a base 
material for a timepiece exterior part of stainless 
steel other than a wristwatch band; 

fluorinating the base material in a fluorogas 
10 atmosphere at 250 to 600°C; 

gas carburizing the fluorinated base material in a 
carburizing gas atmosphere containing carbon monoxide 
at 400 to 500°C; 

pickling the carburized base material, followed by 
15 rinsing; and 

subjecting surfaces of the base material to barrel 
polishing . 

36. The process as claimed in claim 35, which further 
20 comprises buffing the base material surfaces having 

undergone barrel polishing. 

37. The process as claimed in claim 35 or 36, which 
further comprises machining surfaces of the base 

25 material prior to the fluorination to obtain an 
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exterior part of timepiece other than wristwatch band 
having machined surfaces. 

38. An exterior part of timepiece, comprising a metal, 
5 said metal having at its surface a deformed layer 

containing a fibrous structure wherein metal crystal 
grains are deformed so as to be fibrous, at least the 
deformed layer having a hardened layer wherein a solute 
atom is diffused so as to form a solid solution. 

10 

39. The exterior part of timepiece as claimed in claim 

38, wherein the deformed layer is one formed by 
application of a physical external force to at least 
surface of the metal. 

15 

40. The exterior parJL..of timepiece as claimed in claim 

39, wherein the deformed layer is one formed by 
application to the metal surface of a physical external 
force capable of drawing the metal surface 

20 substantially unidirectionally . 

41. The exterior part of timepiece as claimed in any 
of claims 38 to 40, wherein the deformed layer extends 
from the metal surface to a depth of 2 to 100 um. 
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42. The exterior part of timepiece as claimed in any 
of claims 38 to 41, wherein the hardened layer extends 
from a surface of the deformed layer to a depth of 5 to 
50 um. 

5 

43. The exterior part of timepiece as claimed in any 
of claims 38 to 42, wherein the solute atom is at least 
one atom selected from the group consisting of carbon, 
nitrogen and oxygen atoms . 

10 

44. The exterior part of timepiece as claimed in any 
of claims 38 to 43, wherein the hardened layer has a 
specular surface whose Vickers hardness (HV) is 500 or 
greater . 

15 

45 A. process for producing an exterior part of 

timepiece constituted of stainless steel, comprising 
the steps of: 

applying a physical external force to a surface of 
20 stainless steel so as for at least the stainless steel 
surface to have a deformed layer containing a fibrous 
structure wherein metal crystal grains are deformed so 
as to be fibrous; and 

dissolving a solute atom in a surface of the 
25 deformed layer so as to form a solid solution therein, 
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thereby effecting such a hardening that a hardened 
layer is formed. 

46. The process as claimed in claim 45, wherein the 
5 deformed layer is formed by application to the 

stainless steel surface of a physical external force 
capable of drawing the stainless steel surface 
substantially unidirectionally . 

10 47. The process as claimed in claim 45 or 46, wherein 
the deformed layer is formed by subjecting the 
stainless steel surface to at least one of polishing 
and cutting operations whereby a physical external 
force capable of drawing the stainless steel surface 

15 substantially unidirectionally is applied to the 
stainless steel surface. . _ ... 

48. The process as claimed in any of claims 45 to 47, 
wherein the deformed layer is formed by subjecting the 
20 stainless steel surface to at least one of cutting and 
grinding operations to form a face of desired shape, 
and 

polishing the face of desired shape to form the 
deformed layer. 
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49. The process as claimed in any of claims 45 to 47, 
wherein the stainless steel surface is subjected to 
grinding operation to form not only a face of desired 
shape but also the deformed layer. 

5 

50. The process as claimed in claim 48 or 49, wherein 
the face of desired shape is substantially flat. 

51. The process as claimed in claim 48 or 49, wherein 
10 the face of desired shape is curved. 

52. The process as claimed in any of claims 45 to 51, 
wherein the deformed layer is so formed as to extend 
from the stainless steel surface to a depth of 2 to 100 

15 um. 

53. The process as claimed in any of claims 45 to 52, 
wherein the hardened layer is so formed as to extend 
from a surface of the deformed layer to a depth of 5 to 

20 50 urn. 

54. The process as claimed in any of claims 45 to 53, 
wherein the solute atom is at least one atom selected 
from the group consisting of carbon, nitrogen and 

25 oxygen atoms . 
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55. The process as claimed in any of claims 45 to 54, 
wherein the hardened layer has a specular surface whose 
Vickers hardness (HV) is 500 or greater. 

5 56. The process as claimed in any of claims 45 to 55, 
wherein the deformed layer is formed in a surface of 
stainless steel of a base material for timepiece 
exterior part produced by forging capable of realizing 
a high degree of deformation. 

10 

57. The process as claimed in any of claims 45 to 56, 
wherein the hardening is carried out at a temperature 
which is close to recrystalli zat ion temperature of the 
stainless steel or below. 
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ABSTRACT 

The decorative item of the invention comprises a 
basis material having at its surface a hardened layer, 
such as a carburized layer, and, superimposed on the 

5 basis material surface, a hard coating of carbon, TiN, 
TiC or the like. This decorative item is excellent in 
scratch resistance. Further, the decorative item of 
the invention may have a gold alloy coating 
superimposed on an entire surface or part of surface of 

10 the hard coating. This decorative item can exhibit 

golden color or other various tones without detriment 
to the excellent scratch resistance to have enhanced 
ornamental value. The process for producing a 
decorative item according to the invention enables 

15 obtaining the above decorative item, for example, an 
exterior part of timepiece with high productivity. 

The exterior part of timepiece according to the 
invention has a carburized layer provided at a surface 
of stainless steel. The carburized layer surface is 

20 polished or machined and has a Vickers hardness of 500 
or greater. This exterior part of timepiece is 
excellent in scratch resistance without detriment to 
the inherent excellent corrosion resistance of 
stainless steel, especially austenitic stainless steel. 

25 The process for producing an exterior part of timepiece 
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according to the invention enables providing the above 
exterior part of timepiece, for example, a wristwatch 
band. 

Another form of exterior part of timepiece 
5 according to the invention comprises a metal, the metal 
having at its surface a deformed layer containing a 
fibrous structure wherein metal crystal grains are 
deformed so as to be fibrous, al least the deformed 
layer having a hardened layer wherein a solute atom is 
10 diffused so as to form a solid solution. This exterior 
part of timepiece has a smooth or specular surface free 
of "orange peel" and is thus excellent in appearance. 
The process for producing another exterior part of 
timepiece according to the invention enables providing 
15 the above other exterior part of timepiece according to 
the invention. 
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Declaration and Power of Attorney For Patent Application 
English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or 
an original, first and joint inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled 

DECORATIVE ITEM AND PROCESS FOR PRODUCING THE SAME 



the specification of which 
j (check one) 

S is attached hereto. 

September 7, 2000 



was filed on 
Application Serial No. 
and was amended on 



PCT/jPOO/06086 



(if applicable) 

il hereby state that 1 have reviewed and understand the contents of the above identified 
ispecification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1.56 (a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any 
foreign application (s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 

Prior Foreign Application (s) Priority claimed 

252900/1999 Japan 7/.<toph /iqqq E □ 

(Number) (Country) (Day/Month/Year Filed) Yes No 



319437/1999 Japan 10/Nov./1999 ® □ 

(Number) (Country) (Day /Month/Year Filed) Yes Nt 



2000-104454 Japan 6/Apr. /?nnn H □ 

(Number) (Country) (Day /Month/ Year Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application (s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of Federal Regulations, §1.56 (a) 
which occurred between the filing date of the prior application and the national or E>CT 
international filing date of this application: 
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J; 'Send Correspondence to: 

Y Russell D. Origin, 700 Koppers Building, 436 Seventh Avenue, Pittsburgh PA 15219-1818 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented, pending, abandoned) 



(Application Serial No . ) 



(Filing Date) 



(Status) 
(patented, pending, abandoned) 

1 hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(, 
reagent (s) to prosecute this application and transact all business in the Patent and 
Office connected therewith, (list name ana registration number) 
#illiam H. Logsdon 22 , 13 2. Barbara E. Johnson 31,198 Lester N. Fortney 

Russell D. Orkin ~~ 25 . 3*63 Paul M. Reznick ,_3l3_J359 Randall A. Notzen 

i)avid C. Hanson ' 23 , 024 John W. Mcllvaine ^3A*_219~ Jesse A. Hirshman 

■Frederick B. Ziesenheim '~TT7S¥S Michael I. Shamos 30742 % James G. Porcelli 
^Richard L. Byrne __2-8- r Aa£L > Blynn L. Shideler _35j_o5^ Kent E. Baldauf , Jr. 

=Kent E. Baldauf ___zalfi26 Julie W. Meder ^6/2X5 




'36,0132 



iixlct Telephone calls to: (name and telephone number) Russell D. Orkin (412) 471-8815 



Full name of sole or first 


inventor 

Hachirou KUSHIDA 




Inventor's signature 




D ^pril 10, 2001 


Residence 


JTokyo\japan ^ | ^ 




Citizenship 


Japanese 




Post Office Address 


c/o CITIZEN WATCH CO. , LTD. , 1 


-12, Tanashicho 6-chome, 




Nishitokyo-shi, Tokyo 188-8511 


, Japan 


Full name of second joint 


inventor, if any T , , . „ 

Kerrji HANAI 




Second inventor's signature />- - t * * 


Date 

-April 10, 2001 


Residence 


Tokyo \japan 3 ? )^ 




Citizenship 


Japanese 




Post Office Address 


c/o CITIZEN WATCH CO. , LTD. , 1 


-12, Tanashicho 6-chcme, 




Nishitokyo-shi , Tokyo 188-8511 


. Jaran 



{Supply similar information and signature for third and subsequent joint inventors.) 
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Full name of third joint inventor, if any^ YOShituCQJ^_AND0U 




April 10, 2001 



citizenship Japanese 



Post, off ice Address Q f Q ciTIZHSf WATCH CD. / LTD., 1-12, Tanashicho 6-chome, 



Nishitokyo-shi, Tokyo 188-8511, Japan 



Full name of fourth joint inventor, if any 






Takeshi INOUE 






Fourth inventor's signature —f/\ Jf J^*^ \~\ ] - [hj VU^Lz 


D April 10, 


2001 


Residence \ ~~\ Q Y 

Tokyo ,\Japan Vj. \> ' x 


Citizenship 

Japanese 






Post office Address c/o Qjjjjgjjj W ATCH CO., LTD., 1-12, Tanashicho 


6-chcme 




Nishitokyo-shi, Tokyo 188-8511, Japan 


Full name of fifth joint inventor, if any Ka Zumi RAMANO 


Fifth inventor's signature jCAZ-UH / /HAtf/M 


Date 

April 10, 


2001 


Residence \ D V 

Tokyo ^yapan ^ a ^ 


Citizenship j^Si 


Post office Address ^ WATrH CD. . LTD. . 1-12, Tanashicho 


6-chome . 




Ni shitokvo-shi . Tokvo 1 88-851 1 , Japan - 


Full name of sixth joint inventor, if any 






Yukio TANOKTTRA 






Sixth inventor's signature L^J^ *7^J^S> 


Date 

Aoril 10 


2.001 ,- 


Residence Tokyo,\japan 


Citizenship 

Japanese _ . ■ 


Post office Address q j q CITIZEN WATCH CO., LTD., 1-12, Tanashicho 


6-chome, 




Nishitokyo-shi, Tokyo 188-8511, Japan 
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i of joint inventor, if any 



Akira MEGURO 



T}~-j&\ inventor" 3 signature 



Afar*, (Hz^r* 



Tokyo ,\japan 



3?x 



Japanese 



Post office Address c /o CITIZEN WATCH CO., LTD., 1-12, Tanashicho 6-chome, 



V 



Nishitokyo-shi, Tokyo 188-8511, Japan 



Full name 



of "StH joint inventor, if any Sh ± n j ± IKEDA 



38* \Mj inventor's signature 



.Krtakami-shi,\ Iwate, V Japan 



l, 2001 



Japanese 



Post office Address c j Q AG£Q sejmjtsu KABUSHIKIfcAISHA, 2-25, Kitakogyodanchi, Kitakami- 



Full name of 



shi, Iwate 024- 0002, Japan 

joint inventor, if any 



inventor' 3 signature 



Post Office Address 



Full name of 



joint inventor, if any 



inventor's signature 



Post Office Address 



